.. L who. ) C/O
N ——

SECOND PARTIAL REPORT
ON THE |

~ ARTIFICIAL PRODUCTION OF PRECIPITATION Q

‘A - J;;;}; g/’}/
CUMULIFORM CLOUDS, OHIO HEE 4?@{?

y £
1948 | I s

- RESEARCH PAPER NO. 31

LR OV
GUE e

HAVY BEBEARSH SECTIEW
- SSMENCE vivisION
LIBRARY OF CONERESS

10 BE RETURNED

- Agproved i pusic teleass

' U. S. DEPARTMENT OF COMMERCE
- WEATHER BUREAU

1
WASHINGTON, D.C, = . | \\b;t\

‘ ﬁg’:{g}mﬁ -1 } %i )

JANUARY 1949

L




'WEATHER BUREAU RESEARCH PAPERS

TITLE AND AUTHOR
Serial No Co '
v No.
o8 No.

i No.
No.

- No.

' No.
No.

Progress Report on Development of an Electronic Anemometer.
By W. R. TaicksTun, July 1943. ‘
A Pro ect to Test the Potential Usefulness of Pressure Patterns for Forecasting.
) . W. Norron, G. W. Brier, AND R. A. ArLEN, January 1944,
Prelzmmary Report on Duration of Stormy Periods at Selected Localztzes and Intervals Beiween Periods.
By L. L. WEiss, January 1944,
Some Relatwnsths Between Five-day Mean Surface Maps and Their Component Dazly Maps
By C. B. Jounson, January 1944,
Improvement of Trend Methods of Forecastmg
By P. F. Crarp, July 1943, : ’
(Classrﬁed) : : .
Formation of New Moving Centers South of Deep Lows . .
- By R. C. GentrY, January 1944,
An Invesiigation of a Trajectory Method of Forecasting Flow Patterns at the 10,000 Foot Level.
.. By H. G. DorseY anD G. W. BrIER, January 1944,
Prelyminary Report on-Stagnant Highs Over ('reenla'nd I celand and England, and Over the Berzng Sea and
Alaska in July and August.
) R. C. GenTrY aND L. L. WEiss, January 1944
No: 10 Perszstence in London Temperatures.
Co y H. W, NorToN aND G. W. Brigr, January 1944,
No. 11 Skzll in Selecting the “Best” Forecast. .
: By G. W. Brieg, January 1944,
No. 12 Notes on Interdiurnal Pressure and Temperature Changes in the Upper Air.
By R. C. GenTry, January 1944,
No. 13 I rwestzgatzon and Practical Use of a Method for Constructing Siz-hour Isallobars on Upper Level Charts.’
. : By E. M., Cason axp P. F. Crarp, January 1944 (unpublished).
No. 14 Wezyht Changes Sor.the Atmosphere Divided Into Three Layers. - —
By’ . Weiss, February 1944 (unpublished).
No. 15. ;S’omeF fVot;s)on Forecasting for Atlanta and Mzamz Dzstrzcts (North and South Carolina, Georgia, and
orida .

@OO\'IGO!}&CQNH

By Grapy NorroN, February 1944, )
No. 16 Venﬁcatwn of a Forecaster’s Confidence-gnd the Use of Probability Statements in Weather Forecastmg.
By G. W. Brier, February 1944,
No. 17 Pressure Patterns ffceompanymg Cyclonic Activity in the Azores Area.
By R. L. PyLe, March 1944.
" No.18 Normal Mean Vistual Temperatures and Weights of the Air Column Between Sed Level and 10,000 Feet.
By Staff, Extenpep Forucast Secrion, July 1944.
No. 19 Temperature Changes During Formation and Dissipation of West Coast Stratus.
; " . By Morgiis NEIBURGER (quversxty of California at Los Angeles), Ju]y 1944,
No. 20 - E'mpzmoal Studies of the. Motion of Long Waves in the Westerlies.
By P. F, Crapp, July 1944 (unpublished).
No. 21 A Collection of Reports on the Preparation of Prognostzc Weather Charts.
- By J. R. FuLks, H. B. Woeus, anD S. TEWELES,
Edited by C. P. Mooxk, October 1944,
No. 22 Relatwnsth Between Surface Temperature and Mean Virtual Temperature in the Lower Troposphere.
. Y . Rows, November 1944, .
No. 23 Forecasting the Time of Formation of Stratus Cloud Ceiling at Oakland, Californie, Airport.
. By Epwarp M., VERNON, April 1945. .
No. 24 Investigation of Polar Antwyclogeneszs and Associated Variations of the Zonal Index,
. By JuromE Nawmias, September 1945.
No. 26 Progréss Report on Objective Rainfall Forecasting Research Program for the Los Angeles Area.
) . By J. C. TromPsoN, July 1946, .
No. 26 - A Study of Quantitative Precipitation Forecasting in the T VA Basin. '
By GLENN W. Brier, November 1946.
No. 27 Ob]ectwe Methods of Forecastmg Winter Minimum Temperatures at Washmgton, D. C.
By C. P. Mook AND SauL-Price, August 1947.
No. 28 Possibility of Long Range Pr eczpztatzon Forecasting for the Hawaiion Islands.*
By SimusL B. Sovror, January 1948.
No. 29 An Objective Method of Forecasting Five-day Preczpztalum for the Tennesses Valley.
: By Wiruiam H. KuEIN, July 1948. . (In press)
‘No. 80 ' First Partial Report on the Artz cal Production of Precipitation: Siratiform Clouds—Ohw, 1948
By Ricuagrp D. COONs, . C. GEnrrY, and Ross GUNN, August 1948,

_ *Outof prlnt.



U. S. DEPARTMENT OF COM‘MERCE

Charles Sawyer, Secretary

WEATHER BUREAU
F. W. Reichelderfer, Chief

SECOND PARTIAL REPORT
ON THE
ARTIFICIAL PRODUCTION OF PRECIPITATION

CUMULIFORM CLOUDS, OHIO
1948

By
RICHARD D. COONS
EARL L. JONES

and

ROSS GUNN

RESEARCH PAPER NO. 31

WASHINGTON

JANUARY 1949




The printing of this publication has been approved by the Director of the Budget
Date of approval February 4, 1949

UNITED STATES GOVERNMENT PRINTING OFFICE : 1949

- —
For sale by thﬁuperéntgwmkw&g&on 25,D.C. /- - - Price-30-cents




TABLE OF CONTENTS

: Page
Summary._ . ______ 1
Second Phase of Cloud Physics Project_ - .. ________ 4

Basic objective__________________ ... 4
Participation of Cooperating Agencies_ . _____________________________________ 4
Facilities___ L _______ 5
Design of the Experiment_________ el 6
Examples of seeding missions___________________________________________________ 6
" Seeding of June 30, 1948________ . ____ 6
Seeding of May 17, 1948_____ . 11
Seeding of July 30,1948 __ ______.____________ o .. 13
Example of Cloud Modification by Mechanical Means_____ . ________________ 14
August 25, 1948 __ . _______ 14
Descriptions of Individual Seeding Operations_ .- ______ .. ________________ 15
March 16, 1948 ______________________ el 15
March 31, 1948 ___..__ 15
April 27,1948 _ _ _______ . . 16
May 11,1948 ___________ ] 17
May 17,1948 ___ o ________. 17
May 18, 1948 __ ... 19
May 21, 1948 ________________ . 21
June 15, 1948 ___ o ________ 21
June 18, 1948 ______ ... 22
June 22, 1948 ____ ... 23
June 24, 1948___ L ___.___ 24
June 28, 1948__ o ____ 24
June 29, 1948 __ L _______ 26
June 30, 1948_______ . 27
July 7, 1048 T 27
July 9,1948_________________________ .. 28
July 12,1948 ... 30
July 13, 1948___________ T 30
July 16,1948 . . T 31
July 19, 1048 .. 32
July 27,1948 .. 32
July 30,1948 T 33
August 5, 1948 .. - 33
August 11,1948 _____ ... 34
August 13,1948 _____________ .. 36
August 17, 1948____________ . ______. 36
August 18,1948 ... 38
August 30, 1948______ . 40
September 7, 1948________ L _______ 41
September 8, 1948 ______________________..___._ 41
References_ .l ___.__ 43




SECOND PARTIAL REPORT ON THE ARTIFICIAL PRODUCTION OF
PRECIPITATION

Cumuliform Clouds—Ohio, 1948

By

Ricuarp D. Coons, Earn L. Jones, and Ross Guny

SUMMARY

This second phase of the Cloud Physics Project
was carried on in the vicinity of Wilmington,
Ohio, during the spring and summer of 1948.
The organization, facilities, and general mode of
attack were the same as those used in the first
phase of the project! and described in the next
section of this report. In this second phase of
~the study, the basic objective was to determine
in definite quantitative terms the practical limits
and economic importance of cloud modification
processes in producing precipitation from cumuli-
form clouds.

On most of the seeding operations the following
observations were made in flight in and near the
clouds: (¢) Height of the base and top; (b)
relative humidity above and below; (¢) temper-
atures inside and outside both at the base and
the top; (d) the compositon before and after
seeding; (e¢) the optical characteristics; (f) the
extent of the seeded area; (¢) the location, extent
and character of precipitation; (k) the behavior
of unseeded clouds in the vicinity. In addition
to these data, the radar and the rain gages of the
surface network provided invaluable information.
In general, dry ice was seeded at the rate of about
8 pounds per mile. Sometimes additional amounts
of from 20 to 40 pounds were suddenly dropped
into a cloud for special study. When water was
used, it was usually at the rate of about 50 gallons
per mile, although occasionally much lower rates
were used. The particular kind of persistent
nuclei employed in some of the air experiments
was one of a large number of chemical agents
that had been found effective in producing cloud
modification effects when dispersed in the vapor
form. Lead oxide was used on the full-scale
experiments because of its convenience, but
potassium iodide is equally effective. |

The crucial difficulty in dealing with the modi-
fication of convective type clouds is to separate
the natural effects from those artificially induced.

1 These werc described in the following publications entitled ‘“First Partial
Report on the Artificial Production of Precipitation, Stratiform Clouds,
Ohio 1948, by R. D. Coons, R. C. Gentry, and Ross Gunn—(a) Bulletin
of the American Meteorological Society, vol. 29, No. 5, May 1948, pp. 266-269;
and (b) U. S. Weather Bureaw Research Paper No. 30, August 1948,

(1

As in the earlier work, the radar-controlled air-
craft movements were carefully coordinated, and
the radar indications of precipitation were found
to be a prime necessity in the proper evaluation
of the results. Table 1 gives a detailed analysis
of the respective seeding missions and enumerates
the results.

Clouds investigated were divided into two cate-
gories, supercooled and nonsupercooled, and fur-
ther subdivided depending on whether the cloud,
was seeded with dry ice or water. Tables 2
through 4 summarize the results as related to rain
production and cloud dissipation for 79 clouds,
collected on 30 operating days between March 15,
1948, and September 8, 1948. In Table 2 it may
be seen that although precipitation fell from a total
of 18 clouds when there had been no precipitation
falling before the seedings, there were only 5
clouds that produced precipitation without the oc-
currence of natural rain within 30 miles. Even for
these cases, showers occurred naturally within 40 to
60 miles. The table also shows that there were 16
clouds from which rain fell to the ground after
seeding, but 11 of these were producing rain
naturally at the time of seeding. Furthermore,
there were natural showers occurring within 30
miles of each of the 16 clouds. Precipitation re-
sulting from seeding operations, when rain was not
falling from the clouds prior to their treatment,
was trivial in amount. In fact, not more than a
trace of rain was recorded following treatments,
with the exception of an estimated 0.2 inch which
fell on June 28 from a seeded cloud. ’

During the course of operations, it became ap-
parent that the most obvious effect of seeding in
cumiulus clouds was the initiation of rapid dissipa-
tion. Results listed in table 3 show that of 10
cases of complete cloud dissipation which followed
treatment, there were only 4 clouds that were
observed to be building at the time of seeding.
Of the 9 clouds that grew vertically after seeding,
all but one were building before the seeding, and
there was no noticeable change in the rate of
growth after the seeding operation. Not included
n the table were: one case in which a dissipating
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TABLE 2.—Summafy of results of seeding 79 clouds, as related
to rain production

Light
Light | rain No
. rain after rain
Num- I;;gigt Light | after |seeding| after
ber foll rain |secding| only |seeding
Type of cloud of from after only and but
cases | seeded seeding | and no |[showers
cloud only rain |showers| within
reached| within 30
ground 30 miles
miles
UsinGg Dry IcE
Supercooled ____________ 46 23 15 4 4 18
Nonsupercooled__._.... 12 14 1 0 1 6
UsixG WATER
Supercooled 9 2 1 1 0 6
Nonsupercooled_..._.... 12 12 1 0 0 6
Total (for all seed-
ngs) oo 79 31 18 5 5 36

1 All clouds in this category were approximately at the freezing level and
n}lghtfhave been supercooled even though no icing was noted by the seeding
aircraft.

TaBLE 3.—Summary of results of seeding 79 clouds, as related
to dissipation

\ \ w0 b . w0 o
215 |& | 2y |85 |85 |22
g %2 |2 |2E |42 |2 |G,
o | B ) =2 | S} =g
Type of cloud o E 8.§ 28 |®2 a2 t;’::bboﬁ%'
) IR TR o |me Jlee % ey=! 3
=B -] = 08 |28 |Bgz| T
g€ | g | 8% |£Es8|885| 588
= 5 3 o= [P0 | 3BT Ba=
Z |&a |O Y o} ”
| -
UsiNGg Dry ICE
Supercooled. ______._____ 46 36 5 4 32 2 4
Nonsupercooled ________ 12 9 1 2 6 0 1
UsING WATER
Supercooled..____.....__ 9 7 1 1 7 1 1
Nonsupercooled_____.._. 12 6 3 2 5 1 2
Total (for all seed-
iNgs).ocmeenns 79 58 10 9 50 4 8

nonsupercooled cloud dissipated completely and
two cases in which building supercooled clouds
partially dissipated after a plane was flown through
them without seeding; and two cases of partial dis-
sipation that were observed after seeding with
persistent nuclei (one a building, nonsupercooled
cloud, the other a dissipating supercooled cloud).

Table 4 shows that when either or both towers of
18 multi-towered clouds were seeded, dissipation
of the seeded portion always followed whether or
not the cloud was building at the time of seeding.
In most clouds of which only one tower was seeded,
the second tower continued to build.

TaBLE 4.—Summary of results of seeding 18 multi-towered
clouds, as related to dissipation

Clouds seeded

sipated

One tower seeded
Seeded tower dis-
sipated

| Unseeded tower
continued to
build
Cloud building at
time of seeding
Both towers seed-
ed consecutively
Both towers dis-
Cloud building at
time of seeding
Cloud stagnant
at time of seeding

|
I
|
|

|

All cases (both H:0
and COzseedings) .| 10 10

©

10

@
[+
-1
-

This dissipation appeared to be nearly inde-
pendent of supercooling or of the particular agent
employed. Its occurrence was consistent with the

. idea that convective clouds often have lapse rates

steeper than the moist adiabatic as a result of
mixing and entrainment between such clouds and
the environment {1,2]. A downward movement
initiated by dry ice, large numbers of ice crystals,
water, or other means (aircraft flying vertically
upward through the cloud have been employed
successfully) might easily cause an appreciable
mass of air to become colder than the surrounding
clouds, and thus induce further downward motion.
A similar explanation has been advanced by
Byers and Braham [3] for the formation of the
thunderstorm downdraft.

The experiments showed that the artificial modi-
fication of cumuliform clouds is of doubtful ecé-

nomic importance for the production of rain,
Dissipation rather than new development was the
general Tule. There is no indication that seeding
will initiate self-propagating storms, and therefore,
the only precipitation that can be extracted from a
cloud 1s that contained within the cloud itself.
The methods are certainly not promising for the
relief of drought.

The third phase of the Cloud Physics Project,
now under way, will concern artificial modification
of orographic type clouds and also, of clouds in
different climatic areas.

SECOND PHASE OF CLOUD PHYSICS PROJECT

BASIC OBJECTIVE

The basic objective of the Cloud Physics Project
is to determine in definite quantitative terms the
practical limits and general utility of cloud
modification processes in producing or suppressing
precipitation and increasing the visibility from
fiying aircraft. In order that the effects of the
induced modifications may be clearly separated
from those occurring naturally, a closely coordi-
nated attack using all available measuring facilities
was adopted.

PARTICIPATION OF COOPERATING AGENCIES

The Cloud Physics Project was established as a
result of recommendations made by the Meteoro-
logical Sub-committee of the Air Coordinating
Committee on August 19, 1947. The Project is a
cooperative effort of the U. S. Air Force, the
National Advisory Committee for Aeronautics,
and the U. S. Weather Bureau.

The Air Force provided, operated, and main-
tained at Wilmington, Ohio, a number of airplanes
for the evaluation of cloud modification techniques.



High-powered ground radar equipment was also
provided, together with office space and necessary
ground facilities.

The National Advisory Committee for Aero-
nautics cooperated by assigning from time to
time, a highly experienced cloud analysis team and
their especially equipped airplane.

The U. S. Weather Bureau set up, operated, and
maintained a surface and upper-air network of
stations to observe the micrometeorology of the
operating area. The technical planning and
scientific leadership of the Project were provided
by the Physical Research Division of the Weather
Bureau.

The U. S. Navy provided on loan much of the
equipment installed in the meteorological network.

Various individuals from Universities and other
interested agencies acted in an advisory capacity.

FACILITIES

The facilities in the vicinity of Wilmington,
Ohio, used by the Cloud Physics Project have
been described in the ““ First Partial Report on the
Artificial Production of Precipitation, Stratiform
Clouds, Ohio, 1948 (U. S. Weather Bureau Re-
search Paper No.30). However, toreacquaint the
reader with them, and especially with their
atilization on this project, a short discussion is
given.

Near Jamestown, Ohio, is situated the
AN/CPS-6 (V-Beam) Radar, which is the focal
point of all cloud seeding operations. Not only

_ 1s this radar desirable for controlling and indicating

the path of each of the aircraft involved in the
investigation but it -also indicates the presence of
precipitation areas whether they be formed
naturally or as a result of seeding. The scope
presentations of this radar are photographed auto-
matically at 10-second intervals. On each frame
of film a data card and a clock are recorded to
identify the picture properly. There is at the
same location an AN/TPS-10 height-finding radar,
the scopes of which are also photographed.

To the south of the radar site is a rectangularly-
shaped area, measuring 8 by 20 miles, within
which are spaced 55 recording weather stations.
Each of these stations records rainfall, wind
velocity, temperature, pressure, and relative hu-
midity on charts which are removed each day.
Ferguson weighing-type rain gages are used at
each of these locations, somewhat modified to
increase the accuracy and sensitivity of rainfall
rate measurements. They utilize throats which
give catches 2% times larger than the normal ones,
and they are geared for one revolution of the clock
drum every 6 hours. In addition to the rectangu-
lar network, there are in the immediate vicinity a
number of other recording rain gages. Within the
rectangular network, there are also two rawinsonde
stations which provide, as required, necessary
information regarding the temperature, pressure,
moisture, and winds of the upper atmosphere.

Clinton County Air Force Base is conveniently

located with respect to the other facilities. Based
there are a number of specially instrumented Ari
Force plancs which participate in seeding missions.
A short description of the responsibilities of each
of the participating aircraft is given in order to
outline the plan of opcration.

A B-17 with a calibrated seeding conveyor
drops dry ice into the cloud at such locations and
on such headings as directed through radio con-
tact by the radar controller at the Jamestown site.
The controller attempts.to plan the seeding in
such an area that its maximum effects will be noted
and measured over the surface network. The dry
ice used is crushed and separated so that it con-
sists of particles no larger than ¥ inch in effective
diameter. Whenever possible, the rates of seed-
ing are varied on successive runs in order to deter-
mine the effects of over- or under-seeding. In
general, however, a minimum amount of dry ice
is dropped so that over-seeding will not resuls.
The seeding conveyor is carefully calibrated, and
indicators of its periods and rates of operation are
photographed from remote reading mstruments
installed in a photo panel along with indicators
of other important parameters such as tempera-
ture, pressure altitude, and absolute altitude.
Also installed in the B-17 is an AN/APS-10 light~
weight radar, which is used to indicate the pres-
ence of light precipitation areas. In addition,
photographs of the seeding operation are taken

‘with still and motion-picture cameras from various

points within this plane. Upon completing a

seeding run, the plane circles the area of seeding,
“photographing and observing any results.

Water is dispersed into clouds by two different
systems. First, a P-61 with two wing tanks, each
having a capacity of about 165 gallons, is used.
Each of the tanks is emptied in about 2 minutes
through its own 2-inch solenoid valve when the
P-61 is flying at about 150 miles per hour. This
slow air speed was chosen in order to minimize
the break-up of water droplets due to the rapid
air flow. With both tanks open, the rate of water
dispersal is between 50 and 60 gallons per mile.
Tn the second system, water is pumped through a
number of small orifices of a sprayer attachment
located on the rear of the tail of a B-17. The
rate of dispersal is about 1 gallon per mile. Drop-
lets formed by this method are quite small, prob-
ably of the order of % millimeter in diameter,
while those formed by the first method are esti-
mated to be somewhat larger.

A high-altitude photo plane is positioned by the
controller above the seeder at the start of the seed-
ing run. This plane secures oblique pictures of the
treated clouds by flying in a circle of about 5 miles
radius about the seeded area. Clocks and data
cards are included in the field of view of the
cameras in the planes, so that the pictures secured
can be easily identified and coordinated. Paths
of the planes participating in the missions are
recorded on the photographs of the ground radar
scopes. From these photos it is possible to deter-




mine the exact location of any plane at any instant,
since the planes are easily identified by special
radar-operated beacon codes.

Several other aircraft participate in these
flichts in order to determine the structure of the
cloud before and after seeding and to investigate
the seeded areas and any precipitation falling from
them. These planes, also controlled from the
ground radar, fly above, within, and beneath the
cloud, making observations and taking pictures of
all interesting phenomena. All such reports are
transmitted by radio and recorded on wire and
disc recorders located both in the B-17 and on the
ground.

To conduct inner cloud studies, a specially
instrumented - hot-wing B-25 provided by the
Flight Propulsion Research Laboratory of the
N. A. C. A in Cleveland, is used on occasion.

DESIGN OF THE EXPERIMENT

Each cloud seeding mission is so designed that
the information gained from the sources men-
tioned above is utilized to best advantage. Usually,
seeding operations are performed in a cloud area
which, moving with the upper winds, will pass

over the network of recording stations within 15
to 30 minutes. The path of the seeded area can
be traced from aircraft reports and the radar
tracks of the various aircraft which follow it.
Results of the seeding can be noted from obser-
vations taken from several points of vantage;
namely, from the radar which indicates any re-
sulting precipitation, by observers flying in air-
planes above the cloud who note changes in
cloud structure, by other observers flying in
planes bencath the cloud who detect and note
precipitation of very light intensity which is not
detected by the radar, and by visual observers
located on the ground who observe the presence
of precipitation reaching the ground and any
changes in the base of the cloud deck.

On most of the operations the following quan-
tities are determined in flight: Height of base and
top of seeded cloud decks, relative humidity above
and below, temperatures inside and outside the
clouds, lapse rates, optical characteristics, and
extent and character of the precipitation. Also,
an attempt is made to determine if precipitation
reached the ground. The character of the data
obtained may be best understood by considering
a few examples of particular seeding missions.

EXAMPLES OF SEEDING MISSIONS

In determining the results of cloud seeding a
close coordination of the wvarious sources of
information must be attained. Because of the
nature of cumulus clouds, coordination by the
use of radar is not only helpful but absolutely
essential if definite quantitative values are to be
obtained. Three representative examples of the
use of radar in evaluating the various sources of
information available from cloud seeding missions
are described below. The first, the mission for
June 30, 1948, illustrates a case in which a small
shower that resulted from the seeding was differ-
entiated from other showers that occurred almost
simultaneously within 5 miles. In the second
example, on May 17, 1948, a radar echo and
accompanying shower resulted from seeding, and
there were no other showers indicated by the
radar scope within 50 miles. The last example is
that of July 30, 1948. In this case, part of the
cloud that was seeded already showed an echo
indicating that precipitation had already started
or was imminent. The part of the cloud that was
seeded did not precipitate; however, observers
underneath the cloud reported rain, which, as a
result of the detailed analysis procedure, was
attributed to the portion of the cloud that showed
as an echo previous to the seeding.

Seeding of June 80, 1948—At the time of the
first seeding, at 1415 E. S. T., the only cloud

echoes that were on the radar scope were approxi-
mately 50 to 60 miles to the southeast of the area
of operations (fig. 1). Several showers, however,
had occurred over the Cloud Physics surface net-
work between 1235 E. S. T. and 1325 E. 8. T.
A few widely scattered rain showers occurred again
at about 1800 E.'S. T. (fig. 2).

FIGURE 1.—June 30, 1948. 1415 E. S. T. Photograph of radar scope at time
of first seeding, showing distant cloud echoes.
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In picking the particular cloud for seeding, a
consideration of whether the cloud was super-
cooled and the possibility of its passing over a
surface rain gage were taken into account. Since
this cloud met the criteria, it was chosen and was
seeded three times. Ithad two pronounced towers,
one seeded on the first run, the other on the second
and third runs. The cloud ranged in thickness
from 11,900 feet to 14,500 feet, with about 4,000
to 5,000 feet of supercooled water droplets. The
freezing level of the environment in the vieinity
of the cloud was near 12,400 feet mean sea level.
The first seeding run was into the top of the cloud,
which was building at the time, and from % to %
imnch of clear ice accumulated on the aircraft.
The second and third runs were made from above
the cloud, which was observed to be stagnant
each time.

The geographic orientation of the cloud, which
was very important in the analysis of the results,
was recorded by visual observation to be north-
east-southwest in direction. Positions of the
radar echoes and known positions of the seeded
areas verified that this orientation was approxi-
mately correct. In the final analysis, another
cloud a few miles southwest of the seeded one
figured prominently.

Since the same portion of the cloud was seeded
on the second and third runs, the movement of the
seeded areas could be calculated by dividing the
distance between the second and third seeded
positions, as indicated by the seeding aircraft’s
position on the radar scope, by the time that
elapsed between the two runs. This calculated
velocity agreed very closely with observed winds
aloft from 2,000 to 9,000 feet mean sea level,
observed approximately 30 minutes before the
first seeding within 15 miles of the seeded area.
The direction of movement was also checked with
the movement of echoes on the radar scope.
Furthermore, visual observations of landmarks by
the observers in the seeding aircraft made as the
cloud passed over Clinton County Air Force Base
(ILN) were very helpful in verifying the path of
the seeded cloud.

Dry ice was dropped into the cloud at the rate
of 10 to 15 pounds per mile. Observers in the
seeding aircraft reported light to moderate tur-
bulence in the cloud on the first run, but none was
encountered above the cloud on the last two runs.
Observers in the low observation plane reported
the base of the seeded cloud to be dark gray in
color at the time of the first seeding. When the
plane was flown in a wide circle of the seeded area
a short time later, they reported that other
clouds in the area had bases of similar appearance,
but no rain was observed in the area of operations
prior to the first seeding run. Only a small
amount of moisture collected on the plane when a
run through the base of the seeded cloud was made
before the first seeding.

The northeast portion of the seeded cloud passed
over the Air Force Base about 1434 E. S. T. The

weather station reported a special observation of
light rain at 1435 K. S. T., which probably was the
result of rain falling from the seeded portion of the
cloud (figs. 5 (a) and 5 (b)). (Note: The vertical
line on the radar scope pictures is always the
180-degree azimuth line, regardless of the orienta-
tion of the scope.) Assuming that the echo on the
radar scope from the secded cloud was from a
portion near the freezing level, and considering the
variation of the winds aloft, one would expect the
rain to have reached the ground at some point
west-northwest of the echo position. Since the
echo from the second tower was located southwest
of the airbase at the time the first rain was reported
(figs. 5 (1) and 5 (b)), the aforementioned condi-
tions would remove any possibility of rain from
that portion of the cloud reaching the ground at a
point east of its radar position; therefore, the first
rain observed must have fallen from the seeded
portion of the cloud. The ending time of the rain
was reported as 1455 E. S. T. By that time, the
first seeded cloud as well as the echo from the
second cloud (the one to the southwest) had passed
on to the east of the station; therefore, it is proba-
ble that the total amount of rain observed was a

(b)
FiGUrE 3.—June 30, 1948. 1427:15 E. 8. T. Photograph of radar scope (a)
and line reproduction (b).



combined result of both the seeded and unseeded
clouds. This total amount for the 20-minute
period, however, was only a trace; therefore, if the
seeding of the cloud did cause precipitation, it
must have -been very light and insignificant
economically, since a combination of both arti-
ficially produced and “naturally produced rain
resulted in' only a trace of rain reaching the
ground. It may be observed that none of the
echoes passed directly over the airbase, but the
echoes were very small and it is probable that a
measureable amount of precipitation would not
have been recorded even if the center of the echoes
had passed directly over the observation point.

In summary, the sequence of events that oc-
curred following the first seeding run, as corre-
lated from visual observations and radar scope
pictures,® was as follows:

1. Approximately 12 minutes after the first
seeding, a small cloud echo appeared on the radar
scope at 210°, 18 miles from Jamestown, Ohio
(figs. 3 (a) and 3 (b)). The calculated position

2 In figs. 3 through 8, line diagrams of the photographic radar scope pictures

are included, since some details of the photographs may be lost in reproduc-
tion.

of the first seeded area, however, indicated that
its position was about 2 miles east-northeast of
the echo (fig. 3 (b)).

Since there may have been some error in calcu-
lating the movement of the seeded area, a check
of the relative positions of the first and second
seeded areas was made at the time of the second
seeding. Visual observations made at the be-
ginning of the mission indicated that the tower
seeded on the second run should be to the south-
west of the one seeded on the first run. Since
that relationship existed between the two seeded
areas at 1427:15 E. S. T. (fig. 3 (b)) and at the
time: of the second seeding: (fig. 7 (b)), it was
assumed that. the extrapolated movement of the
first seeded area must be approximately correct;
therefore, the echo that formed on the radar scope
at 1427:15 E. S. T. must have been in the second
tower and not from the tower that was seeded.

2. A position at which a second echo formed
northeast of the first one at 1428:05 K. S. T.
agreed closely with the calculated position of the
first seeded area at that time (figs. 4 (a) and 4 (b)).
Consequently, it was concluded that although the
seeded cloud produced a radar echo about 12
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FIGURE 4.—June 30, 1948. 1428:05 E. S. T. Photograph of radar scope (a)
and line reproduction (b).

(b)
FIGURE 5.—June 30, 1948, 1434:15 E. 8. T. Photograph of radar scope (a)
. and line reproduction (b).




minutes after seeding, rain fell from an unseeded
portion of the cloud previous to its fall from the
seeded portion. The two echoes eventually joined
together, and by 1434:15 E. S. T. the northeast
end of the echo had almost disappeared from the
scope (figs. 5 (a) and 5 (b)).

3. At the time the northeast end of the echo
was disappearing from the scope, another echo
began to form southwest of the seeded cloud
(figs. 5 (a) and 5 (b)). The echo gradually spread

to the northeast and merged with the echo that
remained in the southwest portion of the seeded
cloud. The position of the small portion on the
northeast end of the large echo at 1442:15 E. S. T.
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F1GURE 6.—~June 30, 1948. 1442:15 E(. é T. Photograph of radar scope (a)
and line reproduction (b).

(figs. 6 (a) and 6 (b)) agreed very well with the

calculated movement of the echo from the second

tower of the seeded cloud.

4. By the time of the second seeding, the echo
from the seeded cloud had disappeared entirely
from the radar scope. The remaining part of the
echo must have been from a portion of the second
cloud. The position (figs. 7 (a) and 7 (b)) at
1504 E. S. T. was in close agreement with the cal-
culated movement of the second cloud. (Note:
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Ficure 7.—June 30, 1948. 1504 E. (S.)T. Photograph of radar scope (a)
and line reproduction (b).

It must be kept in mind that only that portion of
a cloud from which precipitation is falling is indi-
cated on the radar scope.) The echo from the
second cloud remained on the radar scope until
1528 E. S. T. (figs. 8 (a) and 8 (b)). No echo
was observed to form as a result of the second
seeding.

Based on the results of Byers and Braham’s [3]
study of thunderstorm structure and development,
a possible interpretation of the results of this
June 30 mission may be made. Byers and Braham
have found that a thunderstorm is usually made
up of several independent circulation cells. Each
cell goes through a similar life history, and its
development does not depend upon a redistribu-
tion of energy within the cloud; one cell does not
develop at the expense of another one. The
authors do recognize the fact, however, that the
cold downdraft from one cell of a thunderstorm
may act as a micro cold front and thereby be the
determining factor in initiating the development
of neighboring cells; but once the new cell has
started, they conclude, its continued propagation
is not due to the transfer of energy from neighbor-
ing cells. That a neighboring cell may dissipate



(b)
1528 E. 8. T. Photograph of radar scope (a)
and line reproduction (b).

FIGURE 8.—June 30, 1948.

while a new one is developing is probably due to
the fact that the old cell, onece the rain has started,
is very close to the dissipating stage anyway;
therefore, its dissipation is a normal step in its
life cycle and not the result of funneling energy
from it to the new one. If the above processes
do take place in thunderstorms, and presumably
cumulus congestus clouds, they would remove any
possibility that the seeding in one portion of a
cloud might cause the development of another
section unless that seeding resulted in the forma-
tion of an appreciable amount of rain or the forma-
tion of a sustaining downdraft in the cloud.
Since on June 30, a relatively small amount of
dissipation was observed, it is doubtful that the
seeding could have created a downdraft sufficient
to form a pseudo-cold front and start the develop-
ment of another section of the cloud. This would
especially be true as the first rain area started
upwind from the seeded position. Formation of
rain in the unseeded portion of the cloud and its
spreading to the seeded area may indicate that the
seeding had little or no effect on the eventual pro-
duction of rain observed in the seeded area. The
rain in the seeded area may actually have been

11

triggered by the formation of a micro cold front
in the downdraft of the unseeded portion of the
cloud as the cold current moved along the earth’s
surface. The knowledge gained by the use of
radar that rain fell from the unseeded part of the
cloud before it fell from the seeded portion pro-
vided a logical interpretation of the data that
could not otherwise have been obtained.

Although there would have been no serious
error made in arriving at the conclusions of this
particular mission without radar control, the ex-
ample indicates that exaggerated conclusions could
be obtained under similar circumstances when
measurable amounts of rainfall are recorded. Even
in this case, however, a slightly different conclu-
sion was obtained than visual observations alone
would have indicated.

Seeding of May 17, 1948.—As an example of
the further use of radar in the analysis of cloud
seeding missions, data from this mission are in-
cluded in figures 9 through 15. A supercooled

cumulus cloud was seeded on three successive
runs, and figures 10, 11, and 13 are radar scope
pictures coinciding with the times of the respective
Light icing was picked up and light to

runs.

FIGURE 9.—May 17, 1048. 1349 E. 8. T.

: Photograph of radar scope A
sho(;ymg cloud echoes present northeast of operations area at time of first
seeding.

EEDING ..
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FIGURE 10.—May 17, 1948. 134¢ E. 8. T. Photograph of radar scope C at

time of first seeding.
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Fi6URE 11.—May 17, 1948. 1402:20 E. S. T. Photograph of radar scope at
time of second seeding.

moderate turbulence was encountered on each

run, but the amount of moisture observed was

very small. Nevertheless, a cloud echo did appear

FIGURE 12—May 17, 1948.
8 minutes after second seeding.

1410 E. S. T. Photograph of radar scope
on the radar scope’ about 8 minutes after the
second seeding (fig. 12). It did not grow to an
appreciable size, and observers in the low observa-
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FIGURE 13.—May 17, 1948.
the time of third seeding.

1414:40 E. 8. T. Photograph of radar scope at
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FIGURE 14.—May 17, 1948. 1416 E. S. T. Photograph of radar scope after

third seeding.

tion plane reported that the rain was light and did
not reach the ground. The echo finally disap-
peared from the scope about 27 minutes after the
initial run (fig. 14), but observers reported that
light rain fell from the cloud for an additional
20 minutes. In figure 13, the echo from the
seeded cloud is indicated at 167°, 40 miles from
Jamestown, Ohio. A portion of the echo is ob-
scured by the radar return from the seeding air-
craft. In figure 14, the large radar return from
the low observation plane at 1416 E. S. T. is indi-
cated just north of the echo from the seeded cloud.
Figure 15 is a composite of figures 10 through 14.
The direction and speed of movement of the
seeded areas were obtained in a manner similar
to that discussed in the June 30 summary. Since
three definite positions of the cloud were known
and the movement of the resulting echo could be
determined, the speed and direction could be
checked with reasonable accuracy. Values com-
puted thus agreed within the limits of error in
measurement with the radio-winds recorded simul-
taneously with the first seeding run and within 4
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FIGURE 15.—May 17, 1948. Line diagram showing composite results of radar
observations of three seeding runs.



miles of the seeded area. It may be noted that
the only cloud echoes at the time of the first seed-
ing were a considerable distance from the area of
operations (fig. 9). For a more complete discus-
sion of this mission, see the chronological listing
in the next section of this report.

Seeding of July 30, 1948 —Still another example
of the use of radar control in cloud seeding opera-
tions may be cited from the data of the third
seeding of July 30. The seeded cloud had two
towers; observers in the seeding aircraft reported
that the southern tower was the most pronounced.
The seeding was performed in the northern tower
of the cloud and the drop was made from above
the cloud top. From pictures of the radar scope,
it was determined that the southern portion of the
cloud was appearing as an echo at the time of the
seeding run (figs. 16 and 17). The temperature of
the environment of the top of the seeded portion
of the cloud was near 0.0° C. Since the southern
tower was considerably higher, it is possible that
at least a portion of the cloud was supercooled.
The north-south diameter of the cloud, as indi-

FIGURE 16.—July 30, 1948, 1449 E. 8. T. Photograph of radar scope prior
to the third seeding.

FIGURE 17.—July 30, 1948. 1459 E. S. T. Photograph of radar scope at the
time of the third seeding.
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FIGURE 18.—July 30, 1948. Line diagram showing results of radar observa-
tions at the time of the third seeding.
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F1GURE 19.—July 30, 1948. Line diagram showing results of radar observa-
tions following the third seeding.

cated by the position of the seeding aircraft at the
time of the seeding run and the echo position from
part of the cloud (fig. 18), was at least 4 miles.
The northeast-southwest diameter was several
miles greater than the north-south one.

The low observation plane made a run under
the seeded portion of the cloud between 1501
E. 8. T, and 1502 E. S. T., and the observers
reported that there was no precipitation falling
from the cloud (fig. 19). Between 1504 E. S. T.
and 1505 E. S. T., however, another run was
made, and observers reported light rain at that
time, but (fig. 19) the aircraft passed not only
under the seeded area but also under the portion
of the cloud that was appearing.as an echo on the
radar scope.

For further details concerning this mission, see
the chronological listing in the next section of this
report.
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EXAMPLE OF CLOUD MODIFICATION BY MECHANICAL MEANS

Recent work done by Stommel [1], Austin [2],
Byers and Braham [3] seems to indicate that the
cumulus cloud has a lapse rate very close to that
of its environment. Austin arrived at theoretical
lapse rate values by assuming a definite amount
of entrainment of the environmental air into the
cloud. Stommel has derived mathematical ex-
pressions for computing the rate of entrainment
into the cloud when the temperatures of the cloud
air and its environment are known. Byers and
Braham, using a method similar to that of Austin’s,
were successful in verifying the theory by empirical
means. By assuming a definite amount of entrain-
ment and then computing the up- and down-
drafts in thunderstorms, they compared the re-
sulting surface temperatures in the cold down-
drafts with the temperatures actually observed.
The values they obtained agreed very closly with
the observed temperatures. It appeared from
these investigations that a strong downward im-
pulse, or downdraft, imparted to a cloud by
mechanical means might modify the cloud in an
important manner.

August 25, 1948 —In an effort to evaluate the
importance of mechanical effects alone, an experi-
ment was carried out on August 25, 1948, in
which a P-61 aircraft was flown through the tops
of cumulus clouds at almost stalling speed. The
plane was flown through the clouds at an angle

of approximately 45° with the horizontal, and’

spent an estimated 3 seconds in the cloud, thus
communicating to it considerable downward
momentum. The P-61 was the only aircraft
flown on the mission, but the clouds were picked
so that ground observations of the results could
be made from Clinton County Air Force Base.
The clouds were small, flat cumuli in. which some

natural dissipation . was observed throughout .

flight. After the aircraft was flown through the
clouds, there was a marked gcceleration in the
rate of dissipation of the cloud treated by the
aircraft as compared with the natural dissipation
of neighboring clouds. Pictures of a sequence of
events following one of the runs are included in

figure 20, representing various stages of the dissi-.

pation observed over a period of about 10 minutes.

Attention is drawn to the fact that the dispersal
of CO, snow or water into a cloud both cools the
cloud and communicates downward momentum
to it. It may well be that these are important
mechanisms in producing cloud modification and
dispersal.

FIGURE 20.—Sequence of cloud pictures from cloud treatment by mechanical

. means on August 25, 1948, showing stages in cloud dissipation. (a) View of
cloud immediately after P-61 aircraft was flown throughit. (b) View of cloud
5 minutes after aircraft was flown through it. (c¢) View of cloud 10 minutes
after aircraft was flown through it.
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DESCRIPTIONS OF INDIVIDUAL SEEDING OPERATIONS

Summaries of each of the operations conducted
for seeding cumuliform clouds during the spring
and summer of 1948 conclude this report. Results
given in each case are based upon an analysis
procedure such as that described in the preceding
examples. '

In order to show the temperature-moisture
conditions which existed aloft at the time of
seeding, pseudo-adiabatic charts for each day of
operation are included following the summaries.

CLOUD SEEDING OF MARCH 16, 1948

Synoptic situation.—At 1330 E. S. T., the area of
seeding operations was immediately ahead of a
cold front. The front was evidently in the seeded
area at the time of setding, and it probably played
an important part in the development of the
cumulus clouds that were seeded. A few widely
scattered showers had fallen to the east of the front
prior to 1330 E. S. T.

Conditions of seeding.—Beneath a cirrus and
cirrostratus broken cloud deck were a great many
swelling cumuli with bases at 4,500 feet mean sea
level. Two cumulus clouds with tops at 15,500
feet and 17,250 feet, respectively, were seeded.

Temperatures were -+7.0° C. at 4,500 feet;

—15.0° C. at 15,500 feet; and —19.0° C. at 17,250
feet. The first cumulus was growing in circum-
ference but not gaining in height when seeded.
This was typical of other swelling cumuli within
sight of observers in the seeding plane when the
first cumulus was seeded.

The second cumulus, seeded 38 minutes later,
was still growing, but very slowly, at the time of
seeding. Several cumuli, estimated to be 10 miles

from the seeded one, had veils around them, with -

the tops extending through the veils. Within 38
minutes after the second seeding, several cumuli,
estimated to be 4 miles or more distant from the
seeded one, had developed anvil tops and were
producing heavy showers.

Rate of seeding.—Twenty pounds of dry ice were
deposited in the tops of each of the two cumulus
clouds. The first drop was made in 18 seconds
and the second in 15 seconds. .

Time and duration of seeding:

1st seeding: 1414 E. 8. T.; 18 seconds.
2d seeding: 1452 E. S. T.; 15 seconds.

(Note: Actual times not known; those indicated
are only approximate.)

Results.—Seeding had no apparent effect on the
first cumulus cloud. It continued to expand
horizontally at about the same rate as before the
seeding, and the height of the top and the texture
did not change. Within 10 minutes after the
second seeding, a crease developed in the cloud
along the seeded line. Within 28 minutes after
the seeding, the crease had so developed that the
cloud split and observers could see the ground
between the two portions. The seeded cloud did

not continue to grow in diameter or in height after
the seeding, although neighboring cumulus clouds
did continue to grow.

Method of verification:

1. Structural:
a. lstseeding: Aerial observations (visual).
b. 2d seeding: Aerial observations (visual).
2. Precipitation: ,
a. 1stseeding: Aerial observations (visual).
b. 2d seeding: Aerial observations (visual).

Comments.—The clouds seeded were potential
thunderstorms. For evidence: Several similar
clouds in a radius of 10 miles of the seeded clouds
did develop thunderheads within 1 hour and 30
minutes after the first seeding and within 40
minutes after the second seeding. The seeded
clouds looked quite similar to these others before
seeding. They were over 10,000 feet thick, and
temperatures 1n the tops of the clouds were well
below freezing. Observers were not certain that
ice crystals were not already present before
seeding, but they did not think that was the case.
All things seemed favorable, but no precipitation
was caused by the seeding. Omne can only con-
clude that either the seeding actually discouraged
the development of the cumulus clouds or that
nature had already decreed that the ones picked
for seeding were not the ones chosen for develop-

ment that day and that the seeding was not potent .

enough to change nature’s plans. The radar was
partially inoperative so that it was not possible
to vector other planes into position for observing
the clouds. However, observers in the seeding
ship were confident in their observations that the
seeding did not cause the clouds to grow or to
precipitate.

CLOUD SEEDING OF MARCH 31, 1948

Synoptic situation.—At 1330 E. S.T., a deep,
low-pressure system was centered over southern
Lake Michigan. The area of seeding operations
was in the warm section'of the low-pressure sys-
tem. Considerable cloudiness and showers were
occurring over southwestern Ohio. Wilmington,
Ohio, was in a strong south-to-north flow of air.

Conditions of seeding.—Swelling cumulus clouds
with bases at 5,500 feet mean sea level and tops at
about 18,500 feet were seeded twice.. The clouds
were building at the time of seeding, and their
sharp edges together with the observed tem-
peratures in the clouds indicated tha{ they were
composed of supercooled water droplets. The
third seeding was through a slightly depressed
portion of the cloud deck between towering
cumuli. The base of the flat portion was at
5,600 feet mean sea level, and the top extended
upward to 17,000 feet. On the first two seedings,
the temperature varied from --7.0° C. at the base
to —23.0° C. at the top; and on the third run,
the temperatures ranged from +7.0° to —20.0° C.




Rate of seedingj.—Dry ice pellets were dropped
at the rate of approximately 27 pounds per mile
on all seeding runs.

Time and duration of seeding:

1st seeding: 1115:36 E. S. T.; 25 seconds.
2d seeding: 1151:35 E. 8. T.; 25 seconds.
3d seeding: 1242:48 E. S. T.; 25 seconds.

Results.—It is probable that light rain may have
fallen from the seeded clouds after the first lot of
dry ice was dropped. Since the second seeded
cloud was never located by the low observation
plane, it is not known whether precipitation fell
from the base or not. In any event, there was no
precipitation echo on the radar scope in the seeded
area; therefore, if precipitation did fall, it must
have been very light. - Rain did not occur in the
seeded area after the third seeding run. All three
seedings, however, did produce changes in texture
and color of the clouds, and the third seeding
caused dissipation which resulted in a hole in the
cloud through which the ground could be seen.

. Method of verification:

1. Structural:
All seedings: Aerial observations (visual).

2. Precipitation:
All seedings: Aerial observations (visual)
and pictures of CPS—6 radar scope.

Comments.—The negative precipitation results
were significant, since it was raining in close prox-
imity to all the seeded areas. Approximately 7
minutes after the first seeding run, a radar echo of
precipitation was observed at 1123 E. S. T. in the
seeded area, but rain had been reported by the low
observation plane at 1120 E. S. T. about 10 miles
northwest of the seeded area, and another strong
precipitation echo was observed 18 miles south-
east of the seeded area; therefore, the significance
of the results was questionable. The second and
third seeding runs failed to produce precipitation
echoes on the radar scope, although pronounced
 echoes were noted in the vicinity of the seeded
areas. On the third seeding run, the low obser-
vation plane reported light rain, but verification
of its position from the track on the radar scope
indicated that the rain was coming from precipita-
tion areas 8 miles northwest of the seeded area.

The positive structural changes in the clouds
were significant, at least on the first seeding run,
since conditions were considered to be theoretically
ideal for nucleation. Furthermore, other clouds
in the area were building up at the same time that
the seeded clouds were changing texture and
partially dissipating.

CLOUD SEEDING OF APRIL 27, 1948

Synoptic situation.—A cold front was oriented
northeast-southwest over the west-central part of
Ohio and southern Indiana at 1330 E. S. T. The
seeding runs were made in the warm sector of the
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low pressure system about 50 miles ahead of the
cold front. The front produced heavy showers
and hail as it passed over the radar station at
Jamestown, Ohio.

Conditions of seeding.—Cumulus clouds were
seeded four times. The bases were at about
5,500 feet mean sea level and the tops near 15,000
feet on the first run and 13,000 feet on the last
three runs. The temperature at the bases of the
clouds was -+11.0° C. and varied from —3.0° to
—8.0° C. at the tops.

Rate of seeding.—Varying amounts of %-inch
dry ice were dumped intc the cumulus clouds.
The first two drops were made at the rate of 2.2
pounds per mile and 3.4 pounds per mile, respec-
tively. The last two were instantaneous drops of
40 pounds and 60 pounds of granulated dry ice.
An effort to dye the seeded clouds by dropping a
powdered dye with each seeding run was in-
effective.

Time and duration of seeding:

1st seeding: 1421:30 E. S. T.; 25 seconds.
2d seeding: 1433:35 E. S. T.; 31 seconds.
3d seeding: 1446:38 E. S. T.; photo-hatch
drop—time unknown.
4th seeding: 1449:51 E. S. T.; 7 seconds.
Resulis.—Precipitation and dissipation results
were negative on all except the second run. Very
light rain occurred approximately 29 minutes after
the second seeding.

Method of verification:

1. Structural:
All seedings: Aerial observations (visual)

2. Precipitation:

All seedings: Aerial observations (visual) and
pictures of CPS-6 radar scope.

Comments.—Sky condition was very chaotic and
the results observed were not definite, but it was
generally agreed that the dissipation results were
negative.

A few drops of rain were reported by observers
in the low aircraft about 9 minutes after the second
seeding, but the indications were that the plane
was about 8 to 9 miles west-southwest of the seeded
cloud at the time the rain was reported. Al-
though a precipitation echo was observed on the
radar scope after the second seeding, it was very
weak and diffuse in comparison with natural
echoes occurring at the same time. Since natural
showers were observed on the radar scope at the
time of all four seedings, thé negative results
observed on three of the drops were far more
significant than the positive result. A logical
conclusion is that the positive result was obtained
from a cloud that would have produced a natural
shower anyway. The seeding operation may have
hastened its development. The economic im-
portance of the positive result was nil in view of the
radar indications that the precipitation produced
was very light and insignificant as compared with
natural showers nearby.



CLOUD SEEDING OF MAY 11, 1948

Synoptic situation.—The 1330 E. S. T. surface
map indicated a low pressure trough running from
northeastern Ohio to southwestern Indiana, with
a stationary front across northern Ohio and central
Indiana. A squall line indicated on the map ran
north-south through central Indiana, but it was

- apparently closer to the Clinton County Air Force
Base than was indicated. A thundershower
passed over the base about 1340 E. S. T., and
throughout the seeding mission the line of shower
activity indicated on the radar scope was south-
southeast of the airfield. Such a movement of
shower activity would indicate the squall line to be
south and east of the seeding area. The seeding
time was from 1510 E. S. T. to 1525 E. S. T.
Rain showers passed over the entire micro station
network from northwest to southeast between
1345 E. S. T. and 1420 E. S. T.

Conditions of seeding.—Cumulus clouds were
seeded three times. Bases of them were at about
5,000 feet mean sea level, and the temperatures
were +15.0° C. The tops varied from 14,000 feet
mean sea level with temperatures of —3.0° C. on
the first run, to 12,500 feet with temperatures of
0.0° C. on the second and third runs, respectively.
Visual observations of the sun’s disk through the
cloud elements indicated that the clouds were
composed of water droplets; the third seeding drop
was made inside the cloud. The freezing level was
near 12,500 feeét mean sea level.

Rate of seeding.—On the first run, 10 pounds of
dry ice were dropped at the rate of 6 pounds per
mile; on the second run, a lump drop of 30 pounds
was made; on the third run, 30 pounds were
dropped at the rate of 26 pounds per mile.

Time and duration of seeding:

1st seeding: 1510:50 E. S. T.; 30 seconds.
2d seeding: 1517:40 E. S. T.; 8 seconds.
3d seeding: 1524:55 E. S. T.; 20 seconds.

 Results.—Observations of dissipation were made
after the first two seedings, but all clouds were
observed to be dissipating. After the third run,
the top of the cloud grew about 2,500 feet upward,
but the growth was not believed to have been
caused by seeding.

Method of verification:

1. Structural:
a. st seeding: Aerial observations (visual
and photographic).
b. 2d seeding: Aerial observations (visual).
c. 3d seeding: Aerial observations (visual).
2. Precipitation:
All seedings: Radar pictures showing no
precipitation in seeded area.

Comments.—Since other clouds in the area were
dissipating, the dissipation results were not con-
clusive. After the first seeding, observers re-
ported that the seeded cloud broke up while
neighboring clouds did not; there is a probability
that the seeding did hasten the natural process of
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dissipation. Results of the other two seedings
may or may not have been significant.

A low observation plane did not fly the mission;
consequently, visual observations of precipitation
below the seeded clouds were not made. The
radar scope did not indicate any precipitation in
the seeded areas; therefore, if any rain did occur
it must have been very light. The seeded area
did not pass over a rain gage. :

CLOUD SEEDING OF MAY 17, 1948

Synoptic situation.—The seeding area was lo-
cated at 1330 E. S. T. on the eastern side of an
anticyclone in a north-to-south circulation. Clouds
were broken cumuli and stratocumuli, with light
shower activity along the West Virginia-Ohio
boundary. Columbus, Ohio, reported 0.04 inch
of rainfall between 0630 E. S. T. and 1330 E. 8. T.

Conditions of seeding.—Cumulus clouds were
seeded five times. Three successive drops were
made in the first cloud (fig. 21) and two drops in
the second cloud. The last drop in the first
cloud was made after a precipitation echo was
picked up from it on the radar scope. The last
drop in the second cloud was made as the plane
flew around in the edges of it. Bases of the
clouds were at about 4,400 feet mean sea level on
the first three runs and at about 4,800 feet on the
last two runs. The tops of the clouds ranged
from 11,500 feet mean sea level on the first three
runs to 12,500 feet on the last two. Tempera-
tures ranged from +8.0° C. at the base of the first
cloud to —5.0° C. at the top, and from +8.0° C.
at the base of the second to —7.0° C. at the top.
il‘he1 freezing level was near 7,750 feet mean sea
evel.

Rate of seeding.—Twenty pounds of dry ice
were released in an instantaneous drop on the
first seeding. On the second and fifth seedings,
drops were made at the rates of 7 pounds and 6
pounds per mile, respectively. On the third and
fourth runs, dry ice was dropped from the electric
dispensing unit at the rates of 10 pounds and 7
pounds per mile, respectively, and 20 pounds were
released through the photo-hatch at the same
time. Dry ice pellets of %- and %-inch in diameter
were used on all seedings.

Time and duration of seeding:
1st seeding: 1349 E. S. T.; 5 seconds.
2d seeding: 1402:20 E. S. T.; 25 seconds.
3d seeding: 1414:40 E. S. T.; duration un-
known.
4th seeding: 1447:20 E. S. T.; 10 seconds.
5th seeding: 1459:35 E. 8. T.; 25 seconds.

Results.—After the first seeding, a slight change
in texture of the cloud was observed. After the
next run, a trough formed and deepened steadily;
after the third run, a hole approximately 150 feet
in diameter formed. (See fig. 21 (c).)

The second cloud changed texture and formed a
trough soon after the imitial drop into it. After
the next drop, some dissipation was noted and
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then one side began to build slightly. The esti-
mated amount of building was about 1,000 feet.

Precipitation fell and a cloud echo appeared on
the radar scope from the first seeded cloud approxi-
mately 8 minutes after the second seeding (fig. 12),
but the rain was not believed to have reached the
ground. The echo disappeared from the radar
scope about 27 minutes after the initial seeding,
but visual observations made from the low-flying
aircraft reported that light rain continued for
another 20 minutes.

Light rain fell and a cloud echo appeared on the

- radar scope from the second cloud about 10 min-

utes after the initial seeding, but the rain did not
reach the ground. The seeded cloud passed over
a Weather Bureau rain gage located at Peebles,
Ohio, about 1528 K. S. T., but no precipitation
was recorded. The echo disappeared from the
si;opg, about 45 minutes after the first run on the
cloud.

- Method of verification:

1. Structural:
All seedings: Aerial observations (visual
and photographic).
(3d seeding: See figs. 21 (b) and (c).)
2. Precipitation:
a. 1st seeding: Aerial observations (visual).
h. 2d seeding: Aerial observations (visual)
and photographs of radar scope (figs.
11 and 12).
c. 3d seeding: Aerial observations (visual)
and photographs of radar scope (figs.
13 and 14).
d. 4th seeding: Aerial observations (visual)
and photographs of radar scope.
e. 5th seeding: Aerial observations (visual)
and photographs of radar scope, and
rain gage data from Peebles, Ohio.

Comments.—Dissipation and precipitation re-
sults were significant. Clouds in the vicinity of
the seeded area were observed to be neither dis-
sipating nor building, but reports of turbulence
in the clouds before seeding indicated that a slight
degree of building was in progress. The only
precipitation echoes, other than from the seeded
clouds, were located a considerable distance north-
east of the operations area (fig. 9). After seeding
the second cloud for the last time, a plane made a
run through the cloud from 9,000 feet to 6,000
feet mean sea level. Light snow and rain mixed
were observed as the plane entered the cloud, but
only light rain was observed at 6,000 feet.

CLOUD SEEDING OF MAY 18, 1948

Synoptic situation.—The seeded area at 1330
E. S. T. was on the southeastern side of an anti-
cyclone in a north-to-south circulation. Variable
amounts of cumulus clouds were present over
Ohio and Indiana. Wilmington, Ohio, recorded
a trace of precipitation for the 6-hour period prior
to 1330 E. S. T., and a few thundershowers were
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occurring along the extreme southern border of
Ohio at map time.

Conditions of seeding.—Cumulus clouds were
sceded three times. The bases of the clouds were
at 5,200 feet mean sea level, and the tops ranged
from 15,150 feet on the first seeding to 15,000 feet
on the second and third runs. Temperatures at
the bases were -+8.0° C. and at the tops, —9.0° C.
Showers were occurring in the vicinity of the seeded
areas on all three seedings. A cloud giving an
echo on the radar scope was seeded on each of the
last two runs. The freezing level was at approxi-
mately 8,250 feet mean sea level.

Rate of seeding.—Dry ice pellets of % to % inch
in diameter were dropped at the rate of 15, 6, and
7 pounds per mile, respectively, on the three
seeding runs. Lump drops of 20 and 30 pounds,
respectively, were made also on the second and
third runs.

Time and duration of seeding:

1st seeding: 1351:02 E. S. T.; 23 seconds.

2d seeding: 1420:40 E. S. T.; 57 seconds.

3d seeding: 1451:15 E. S. T.; 1 minute and
10 seconds. '

Results—A slight change in texture and a small
amount of dissipation were observed after the
first seeding. A change in texture and a hole
through the cloud resulted from the second seeding.
A change in texture plus a faint cleavage line along
the seeded path were the only results observed
after the third seeding (fig. 22).

The areas seeded on the second and third runs
were already appearing as echoes on the radar
scope. Since precipitation was falling from the
clouds before seeding, the precipitation results
observed lacked significance. Although the low
observation plane reported light to moderate
precipitation, enough evidence was available to
indicate that the rain was not falling from the
seeded clouds. No precipitation was reported to
have fallen from the first seeded cloud before or
after seeding.

Method of verification:

1. Structural:
a. 1st seeding: Aerial observations (visual)
b. 2d seeding: Aerial observations (visual)
c. 3d seeding: Aerial observations (visual)
an;:l photographs of seeded clouds (fig.
22).
2. Precipitation:
All seedings: pictures of radar scope, coor-
dinating seeded area and plane positions.

Comments—The lack of precipitation from the
first seeded area may have been significant,
since other clouds were producing rain nearby.
Positive precipitation results after the second
and third seedings lacked significance, since rain
was falling from the clouds before they were
seeded. It is possible that the seeding may have
decreased the intensity of the rainfall after the
second seeding, but since other precipitation
echoes in the immediate vicinity were forming
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FIGURE 22.—Sequence of cloud pictures from the third seeding run on May 18, 1948, (a) 1447 E. 8. T. View of cloud to be secded (foreground). (b) 1457

%. g % View of cloud approximately 6 minutes after sceding, showing difference in texture between seeded (left) and unseeded (right) cloud. (e} 1500




on the radar scope, it could not be determined
definitely whether or not the dissipation was the
result of seeding or of natural processes. As
much as 0.09 inch of rain was recorded by the
gages of the surface network as a result of natural
rain areas close to the seeded area.

The radar echo of the cloud that was seeded on
the third run was growing at the time of seeding,
and it continued to grow after seeding. The
echo finally disappeared by 1528 E. S. T.; but,
since an echo of an unseeded cloud just southeast
of the seeded cloud disappeared several minutes
before the echo of the seeded cloud, the disap-
pearance must have been aided by natural proces-
ses and cannot be attributed to seeding alone.
Moderate turbulence was encountered and a large
amount of ice was picked up in the cloud on the
seeding run.

CLOUD SEEDING OF MAY 21, 1948

Synoptic situation.—The seeding area at 1330
E. S. T.was located south of a cold front oriented
in an east-west direction through southern Ohio
and Indiana. The seeding operations, which
occurred prior to 1330 E. S. T., were performed
approximately 50 to 75 miles south of the James-
town radar site while the cold front was still
north of the radar station. Thundershowers
were reported at 1330 E. S. T. along the front in
southern Indiana and southwest of the front in
southwestern Ohio. ,

Conditions of seeding—Cumulus clouds were
seeded three times. The tops were at 17,000
feet mean sea level on the first run, 18,000 feet
on the second, and 18,700 feet on the third.
Bases were at 4,900 feet, with temperatures of
4+16.0° C. Temperatures at the tops ranged
from —8.0° C. on the first run, to —10.0° C.
on the second, and —11.0° C. on the third. The
freezing level was at approximately 12,800 feet
mean sea level. '

Rate of seeding.—Dry ice pellets of % to % inch
in diameter were dropped at the rate of 4,5, and 6
pounds per mile, respectively, on the seeding runs.

Time and duration of seeding:
1st seeding: 1112:35 E. S. T.; 45 seconds.
2d seeding: 1132:55 E. S. T.; 1 minute and
20 seconds. ‘
3d seeding: 1153:10 E. S. T.; 1 minute and
5 seconds.

Results —After the first seeding, the top of the
cloud dropped about 300 feet, with portions of
the cloud breaking off to form fractocumuli. Fol-
lowing the second run, there was a slight amount
of dissipation, but the cloud built up again to its
original height by 1203 E. S. T. The top of the
third cloud rose about 3,000 feet after seeding, but
it is doubtful whether or not the building was the
result of seeding.

No precipitation was observed to have fallen
from any of the seeded clouds or from any other
clouds within 30 miles of the seeded areas.
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Method of verification:
1. Structural:

a. 1st seeding: Aerial observations (visual)
and radar pictures of plane positions.

b. 2d seeding: Aerial observations (visual)
and radar pictures of plane positions.

c. 3d seeding: Aerial observations (visual).

2. Precipitation:

a. 1st seeding: Aerial observations (visual)
and radar pictures of plane paths co-
ordinated with the path of the seeded
cloud. Also, surface rain gage data
from Peebles, Ohio.

b. 2d seeding: Aerial observations (visual)
and radar pictures of plane paths co-
ordinated with the path of the seeded
cloud.

¢. 3d seeding: Aerial observations (visual).

Comments.—Positive dissipation results after
the first two seedings may have been significant.
After the first seeding, another cloud 3 to 4 miles
from the secded one was observed to be building
at the time the seeded cloud was dissipating. No
icing or turbulence was observed in the first seeded
cloud after the dissipation had started. A run
made through the second seeded cloud about 3
minutes after the seeding disclosed that there were
still some supercooled water droplets present;
therefore, the building observed a short time later
was not significant. All indications were that there
was not enough nucleation to change the cloud
completely and permanently.

Since no icing was observed on the initial run
into the third cloud, and since snow particles were
observed in the cloud top, the cloud was theoreti-
cally not suitable for seeding, and the building
observed must have been natural and not the
result of seeding.

CLOUD SEEDING OF JUNE 15, 1948

Synoptic situation.—The seeding area at 1330
K. S. T. was located in a weak low-pressure
trough, with a high-pressure cell centered to the
northwest in Canada. The airbase was situated
between two weak frontal systems—a warm front
just south of the station and a cold front across
northern Ohio oriented in an east-west position.
Pressures were falling over the area at 1330
E.S. T. A squall line moved from west to east
across the station about 2 hours prior to seeding
operations. The seeding was done west of that
squall line, but during the mission another line
of showers developed just to the west of the area
seeded on the second run.

Conditions of seeding—Cumulus clouds were
seeded twice. The bases were at 5,100 feet mean
sea level, and the tops varied from 19,000 feet on
the first run to 20,000 feet on the second run.
The temperatures at the bases were +16.0° C.;
near the tops the temperatures were —12.0° and
—14.0° C., respectively, on the two runs. The
freezing level was at about 12,800 feet mean sea
level. Numerous showers were occurring within




a radius of 50 miles of the Clinton County radar
site throughout seeding operations.

Rate of seeding—Dry ice was dropped at the
rate of 7 pounds per mile on the first run and 6
pounds per mile on the second. In addition, a
lump drop of 25 pounds plus the water spray
were used on the second run.

Time and duration of seeding:

1st seeding: 1502:10 E. S. T.; 50 seconds.
2d seeding: 1532:23 E. S. T.; 57 seconds.

Results —Dissipation and texture changes were
observed after both seedings. The top of the
cloud seeded on the first drop lowered about 3,000
feet. There was a similar amount of dissipation
after the second seeding, but the actual amount of
the dissipation was not estimated. According to
visual observations, the dissipation was the best to
be observed to date in cumulus clouds.

Precipitation results were not definitely deter-
mined because a low observation plane did not fly
the mission. In any event, no precipitation echoes
appeared on the radar scope in the seeded areas;
therefore, if any rain did fall, it must have been
insignificant.

Method of verification:

1. Structural: :
Both seedings: Aerial observations (visual).
2. Precipitation:
a. 1st seeding: Pictures of radar scope at
Clinton County Air Force Base.
b. 2d seeding: Pictures of radar scope at
Clinton County Air Force Base and rain
gage records from Mount Sterling, Ohio.

Comments.—Dissipation results were observed

in the seeded clouds even though they were build-
ing at the time of seeding.

Numerous showers were occurring in the imme-
diate vicinity of all seeded areas. The second
seeded area passed over the rain gage located at
Mount Sterling, Ohio, 16 minutes after seeding,
but no rainfall was recorded at that station until 29
minutes after the seeded area had passed on to the
east. Since a natural precipitation area was in-
dicated on the radar scope about 5 miles south of
the station at the time the rain began, it is more
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logical to assume that the rainfall recorded was

from natural causes and was not induced by the
seeding operation.

(Note: It requires about 0.01 inch of liquid water
to affect the weighing type rain gage.)

CLOUD SEEDING OF JUNE 18, 1948

Synoptic situation.—The seeding area at 1330
E. S. T. was immediately north of a stationary
front running east-west across southern Ohio.
Columbus, Ohio, was reporting a shower at map
time, and drizzle was occurring along the front in
the vicinity of the West Virginia-Ohio border.
A weak low pressure center was located in the
northeastern part of Iowa. The pressure was
falling over the entire States of Ohio and Indiana.

Conditions of seeding—Two cumulus clouds

were seeded, each cloud three times. Tops of the
seeded portion of the first cloud varied from 20,000
feet mean sea level to 22,000 feet, and the base was
at 5,000 feet. In sections of the second cloud that
was seeded the tops ranged from 21,000 to 23,000
feet, and the base was at 5,000 feet. Tempera-
tures near the top of the first cloud ranged from
—9.0° to —14.0° C., and near the top of the second
cloud they ranged from —11.0° to —18.0° C.
Temperatures at the bases were +17.0° C. The
freezing level was at approximately 14,400 feet
mean sea level.

Rate of seeding.—Dry ice pellets were dropped
at the rate of 4 pounds per mile on the first and
sixth seedings. Water was sprayed into the
clouds on the second through the fifth seedings.

Tvme and duration of seeding:

1st seeding: 1432 E. 8. T.; 55 seconds.

2d seeding: 1445:49 E. S. T.; 2 minutes and
56 seconds.

3d seeding: 1451:12 E. S. T.; 33 seconds.

4th seeding: 1506:10 E. S. T.; 35 seconds.

5th seeding: 1513:30 E. S. T.; 2 minutes and
5 seconds. " ‘

6th seeding: 1526:15 E. S. T.; 2 minutes and
15 seconds.

Results.—Following the first run, the seeded por-
tion of the first cloud stopped its growth, and some
of the top dissipated, leaving a small trough forma-
tion. After the second run in the same portion
of the cloud, the trough continued to grow. The
third seeding, in the same section, caused further
dissipation of the cloud top. After the fourth
seeding, which was the initial run on the second
cloud, a small section near the top of the cloud,
dissipated. Following the fifth and sixth runs
into the second cloud, the cloud changed texture
and became fluffy white in appearance. The top
stopped growing. Further observations revealed
another section of the seeded cloud grew to 28,000
feet mean sea level while the seeded portion re-
mained at about the same height. A varying
amount of texture change was observed after each
of the seeding runs. :

Precipitation results were very doubtful. Ac-
cording to observations of the radar scope at
Clinton County Air Force Base, a small echo
appeared on the radar scope approximately 34
minutes after the initial seeding of the first cloud;
therefore, it is possible that some precipitation
may have fallen from a portion of the seeded cloud.
According to pictures of the radar scope in the
seeding aircraft, an echo from the second cloud
was already present at the time of the sixth seed-
ing; therefore, it is possible that some precipitation
fell from a portion of that cloud also, but it could
not be determined whether or not the echo had
been present prior to the initial seeding run.

Method of verification:
1. Structural:

All seedings: Aerial observations (visual)
and photographs of the seeded cloud.



(Note: None of the photographs indicated
the complete results that were observed
visually, but texture changes and some dis-
sipation were apparent.)

2. Precipitation:

a. Ist seeding: Photographs of radar scope
at Clinton County Air Force Base.

b. 2d seeding: Photographs of radar scope
at Clinton County Air Force Base.

c. 3d seeding: Photographs of radar scope
at Clinton County Air Force Base.

d. 4th seeding: Coordination of available
visual observation data.

e. 5th seeding: Coordination of available
visual observation data.

f. 6th seeding: Coordination of available
visual observation data in addition to
pictures of the radar scope in the seeding
aircraft.

Comments—The V-Beam radar at Jamestown,
Ohio, was inoperative; consequently, the limited
range in altitude and distance of the radar at
Clinton County Air Force Base made coordination
of the mission impossible. All suitable clouds for
seeding were outside the range of the radar except
for a short period of time at the beginning of
the mission. Precipitation results, therefore, were
doubtful and were obtained through logical deduc-
tions made from data that were available. Natural
showers were occurring in the vicinity of all
seeded areas except on the first run.

Since the first cloud was building at the time of
seeding and the sections that were not affected by
the seeding continued to grow while the seeded
areas dissipated, it is logical to assume that pre-
cipitation from the cloud must have been primarily
from natural causes and from portions of the cloud
that were not seeded. Furthermore, a cloud echo
appeared within 18 to 25 miles of the seeded area
several minutes before the echo from "the seeded
cloud appeared. ‘

Since unseeded portions of the second cloud
continued to build after seeding, the precipitation
that fell from that cloud must also have been from
the areas that were not affected directly by the
seeding. Radar pictures in the aircraft were taken
beginning at 1524 E. S. T., and the time of the
initial run on the second cloud was 1506:10 E. S. T.

Dissipation was observed in the seeded clouds
even though they were building at the time of
seeding. Other clouds in the immediate vicinity
were also building and their tops were changing to
ice crystals.

CLOUD SEEDING OF JUNE 22, 1948

Synoptic situation.—The seeding area at 1330
E. S. T. was located in a south-to-north circulation
east of a low pressure system centered in south-
central Nebraska. Scattered showers were occur-
ring or had occurred over Ohio and Indiana in the
6-hour period prior to 1330 E. S. T. The pressure
was falling very slowly over the area of operations.

Conditions - of seeding.—Cumulus clouds were

seeded four times. On all runs the bases of the
clouds were near 5,000 feet mean sea level, with
temperatures of +20.0° C. The tops of the
clouds were at 20,000 feet mean sea level on the
first two seedings, with a temperature of —6.0° C.;
20,100 feet, with a temperature of —6.0° C. on
the third run; and at 18,000 feet, with a tempera-
ture of —4.0° C. on the fourth run. The freezing
level was almost at 16,400 feet mean sea level.
Rate of seeding.—Water spray was used on three
of the seeding runs, and dry ice pellets % to %
inch in diameter were dropped on the third run
at the rate of three pounds per mile. On the fourth
seeding, a small amount of dry ice was also dropped
with the water.
Time and duration of seeding:
1st seeding: 1344:48 E. S. T.; 1 minute and
27 seconds. S
2d seeding: 1418:07 E. S. T.; 48 seconds.
3d seeding: 1437:37 E. S. T.; 53 seconds.
4th seeding: 1503:45 E. 8. T.; 40 seconds.
Results. —A texture change and some dissipa-
tion. of the seeded areas were observed after all
four seedings. The first seeded cloud was chang-
ing to ice crystals at the time of seeding, but the
seeding seemed to have increased the ice crystal
texture of the cloud, and the top partially dissi-
pated. The fourth seeding produced the greatest

amount of dissipation, with the entire body of the

cloud dissipating and leaving only thin veils of ice
crystals.

The second cloud appeared as an echo on the
radar scope in the aircraft before it was seeded.
After the second seeding, a rainbow was observed
below the seeded cloud, but it is not known
whether or not the precipitation reached the
ground. Since the cloud was already appearing
as an echo on the radar scope, rain must have
been falling from the cloud before it was seeded.
No precipitation was observed to have fallen from
the clouds after the other seeding rums.

Method of verification:

1. Structural:
All seedings: Aerial observations (visual).
2. Precipitation: ,
a. 1st seeding: Aerial observations (visual).
b. 2d seeding: Aerial observations (visual)
and radar pictures from plane.
c. 3d seeding: Aerial observations (visual).
d. 4th seeding: Aerial observations (visual)
and visual observations of radar scope
in airplane.

Comments. —Alternate building and dissipation
were observed in various clouds close to the seeded
areas. Dissipation was noted, however, in clouds
that were observed to be building at the time of
seeding.

After the first seeding, some dissipation in the
seeded area was observed even though the cloud
was changing to ice crystals and building slightly
through natural processes. Since no icing of con-
sequence was noted when the cloud was flown
through on the seeding run, the supercooled water




content must have been very small; therefore,
major changes should not have been expected.

After the third seeding, portions of the cloud
that were not affected directly by seeding grew
about 400 feet in the 2 to 3 minutes after seeding,
while the seeding operation dissipated one of the
bulges.

Because of radar difficulty, neither the seeding
aircraft and the low observation plane nor the
location of the seeded areas could be coordinated;
therefore, it was impossible to determine whether
the precipitation observed after the second seed-
ing reached the ground. Visual observations made
by the seeding aircraft indicated that the rain from
the second seeding probably did not reach the
ground. Furthermore, natural showers were oc-
curring in the vicinity of all the seeded areas,
thereby adding to the difficulty of definitely de-
termining how much if any of the precipitation
falling from the seeded cloud was the result of
seeding.

_ CLOUD SEEDING OF JUNE 24, 1948

Synoptic situation.—At 1330 E. S. T., the area
of seeding operations was located on the southern
edge of a low pressure trough running east-west
across southern Lake Superior to southern North
Dakota. The pressure gradient was weak and the
pressure was falling over the operations area.
Scattered showers had occurred over Ohio and
Indiana between 0630 and 1330 E. S. T. A squall
line oriented north-south passed over the local area
previous to the mission times. The seeding oper-
ations were conducted approximately 110 to 120
miles southeast of Jamestown, Ohio, and along the
extreme southern end of the squall line.

Conditions of seeding.—Two cumulus clouds
were seeded in three runs, with one run made on
the first cloud and two on the second. The first
cloud top was at approximately 19,000 feet mean
sea level, the second at 18,000 feet, and the bases
of both were at 5,200 fect. Temperatures of the
first cloud were +18.0° C. at the base, —7.0° C.
at the top; in the second, +18.0° C. at the base
and —6.0° C. at the top. Some altostratus clouds
were present also, with bases at about 14,000 feet
mean sea level. The freezing level was at approxi-
mately 14,000 feet mean sea level. The third run
was across the cloud, with the seeding performed
in the towering tops on each end. The aircraft
was in the first bulge about 9 seconds and in the
second bulge about 10 seconds.

Rate of seeding.—Dry ice pellets were dropped
at the rate of 4 pounds per mile on the first and
third runs, 3 pounds per mile on the second run.

Time and duration of seeding:

1st seeding: 1126:55 E. S. T.; 30 seconds.

2d seeding: 1155:45 E. S. T.; 45 seconds.

3d seeding: 1201:36 E. S. T.; 54 seconds (19
seconds in cloud).

Results.—After the first seeding, a texture
change was noted (fig. 23). The cloud echo that
appeared on the radar scope in the aircraft prior
to the seeding run split into two parts. The echo
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was also observed on the V-beam radar, and it
finally disappeared from the scope. The cloud
followed the same procedure and finally evapor-
ated into thin veils (fig. 23 (d)). The second
cloud also experienced a change in texture and the
tower that was seeded on the first run dissipated,
while a tower on each end of the cloud built up.
The next run, through the two towers, caused a
change in texture, and the cloud stopped growing
and dissipated to some extent. The dissipation
of this second cloud was not as marked as that
observed in the first cloud.

A rainbow was observed below the first cloud
after seeding, but since the cloud was already
appearing as an echo on the radar scope, rain must
have been falling from the cloud before it was
seeded. No precipitation was observed to have
fallen from the second cloud before or after seed-
ing. There was no echo on the radar scope from
the second cloud seeded.

Method of verification:

1. Structural:
a. lst seeding: Aerial observations (visual
and photographic—fig. 23).

b. 2d seeding: Aerial observations (visual
and photographic).

c. 3d seeding: Aerial observations (visual).
2. Precipitation: ‘ ,

a. 1st seeding: Aerial observations (visual)
and pictures of radar scope in the air-
plane and visual observations of CPS-6
radar scope.
2d seeding: Aerial observations (visual)
and pictures of CPS--6 radar scope.
3d seeding: Aerial observations (visual)
and pictures of CPS-6 radar scope.

Comments.—Since the first seeded cloud ap-
peared as an echo on the radar scope prior to
seeding, the positive precipitation results lacked
significance. A low observation plane did not
fly the mission because of mechanical failure, but
observers in the seeding aircraft could observe
the base of the second seeded cloud and they
reported that no precipitation .fell from the
cloud before or after seeding. A small cloud echo
was observed on the radar scope about & miles
south of the second seeded area, and a small line
of showers was observed about 20 miles west of
the area before and after seeding.

Since other clouds, as well as the seeded clouds,
were building at the time of seeding, the dissi-
pation results observed may have been significant.
Other clouds in the immediate vicinity of the
seeded areas had built into the thunderstorm stage;
therefore, the seeding may have prevented the
clouds that were affected from developing into
similar storms. Dissipation results and veri-
fication of the results were the best obtained to
date on cumulus clouds.

b.

C.

CLOUD SEEDING OF JUNE 28, 1948

Synoptic situation.—The seeding area at 1330
E.S. T. was located on the eastern side of a weak
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low pressure trough running from the southeastern
part of Towa across northwestern Missouri. The
pressure was falling slowly on the eastern side of
the trough line. A few showers were occurring or
had occurred over southwestern Ohio and along
the Indiana-Kentucky border between 0730 E. S.T.
and 1330 E. 8. T. .

Conditions of seeding.—Three seeding runs were
made, but only one run is considered in this report.
The dry ice was accidentally dropped into the
clear air between the clouds on the first run. The
third run is omitted because there is some doubt
as to whether or not the cloud was actually seeded.
The cumulus cloud that was seeded on the second
run was based at 6,000 feet mean sea level, with
its top at about 18,500 feet. The temperature at
the base was 4+16.0° C. and at the top, —8.0° C.
The freezing level was approximately 13,600 feet
mean sea level.

Rate of seeding.—Dry ice pellets were dropped
at the rate of 7 pounds per mile.

Time and duration of seeding:

1st seeding: Not included. )
2d seeding: 1430:25 K. S. T.; 45 seconds.
3d seeding: Not included.

Results.—The seeded cloud had a tower on each
end of it and the cloud was building at the time of
seeding. Both towers were seeded. After seeding,
the top continued to build for almost 4 minutes;
then it turned into thin veils of ice crystals and
settled down to 17,000 feet mean sea level.
Approximately 1,500 feet of the top dissipated.

Rain was observed to have fallen from the
seeded cloud about 15 minutes after seeding, and
an echo from the seeded area appeared on the
radar scope at 1439 E. 8. T., but it cannot be
said definitely whether the echo was formed as a
result of seeding or whether it would have formed
naturally. The echo continued to grow until
1450 E. S. T., and then it began to decrease in
size. It finally disappeared from the scope at 1509.

The seeded cloud did not pass over a rain gage,
but the low observation plane reported moderate
precipitation falling from the cloud. Precipita-
tion from other clouds that formed an echo on the
radar scope of about the same size and intensity
as the seeded one produced as much as 0.22 inch
of rainfall; therefore, it is likely that a similar
amount fell from the seeded cloud, but it may not

" bhe said definitely how much, if any, of the rain

may be attributed to the seeding operations.
Method of verification: :
1. Structural: - :

a. 2d seeding: Aerial observations (visual)
and 16-mm. motion pictures of seeded
cloud.

2. Precipitation:

a. 2d seeding: aerial observations (visual)

and photographs of CPS—6 radar scope.
Comments.—The dissipation observed may have
been significant since the cloud was building at
the time of seeding. The precipitation results
may have been significant also, but other showers
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were developing and dissipating as close as 8
miles from the seeded area. For example, one
echo appeared on the radar scope about 25 miles
southwest of the secded area and grew to about
the same size, disappeared from the scope within
about the same period of time. Therefore, since
changes of about the same magnitude and rate
were occurring naturally, definite conclusions of
the precipitation results may not be drawn.

CLOUD SEEDING OF JUNE 29, 1948

Synoptic situation.—At 1330 E. S. T., the area
of seeding operations was located east of a cold
front running northeast to southwest across north-
western Indiana and southeastern Illinois. Scat-
tered Tain showers or thunderstorms had occurred
over southwestern Ohio and over most of Indiana
between 0730 E. S. T. and 1330 E.S.T. The
pressure changes were quite diversified, with falls
in pressure of about 1.8 mb. in the shower arcas;
but northwest of the cold front, the changes ranged
from —0.2 mb. to 4+0.6 mb.

Conditions of seeding—One cumulus cloud was
seeded twice. It had two pronounced bulges.
Each of the bulges was seeded. Light showers
were indicated on the radar scope within 10 to
15 miles of the first seeded area. A thunderstorm
with heavy precipitation and peak wind gusts of
75 m. p. h. passed over the Air Force base during
the late morning. The tops of the seeded cloud
varied from 16,900 feet mean sea level on the first
run to 19,000 feet on the second. The bases were
at about 3,500 feet on both rums. TLow scud
clouds based at 2,000 feet were observed in the
seeded area also. Temperatures near the top of
the cloud ranged from —0.5° C. on the first run
to —8.0° C. on the second. Temperatures at
the bases were +18.0° C. on both runs. The
freezing level was near 13,400 feet mean sea level.

Rate of seeding.—Dry ice pellets were dropped
at the rate of 12 and 20 pounds per mile, respec-
tively, on the two seeding runs.

Time and duration of seeding:

Ist seeding: 1503: 40 E. S. T.; 30 seconds.
2d seeding: 1520: 35 E. S. T.; 20 seconds.

Results.—Observed results of the first seeding
were of a minor nature. A light texture change
and a slight sinking of the top was observed.
After the second seeding run into the second tower
of the same cloud, a texture change was noted and
a sinking of the top was observed. The final result
of both seedings was the complete dissipation of
both towers, leaving a stratiform appearance to
the cloud.

A rainbow was observed (the best to date) under
the seeded cloud after the second seeding run, but
it could not be definitely determined whether or
not the precipitation was the result of seeding.
An airplane was vectored beneath the cloud a
short time later, and the observers reported that
the precipitation was light and did not reach the
ground. ‘



Method of verification:
1. Structural:
Both seedings: Aerial observations (visual).
2. Precipitation:
Both seedings: Aerial observations (visual)
and pictures of the CPS—6 radar scope.

Comments.—The dissipation results observed
may have been significant, since the cloud was
noted to be building at the time of the first seeding
run. While the bulge that was seeded the first
time was slowly dissipating as a result of the seed-
ing, the second bulge of the same cloud remained
about the same until it was seeded. After the
S(leeding of the second bulge, it began to dissipate
also.

The precipitation results observed lacked sig-
nificance, since the seeded cloud was already
appearing as an echo on the radar scope before it
was seeded—a possible indication that precipita-
tion, even though it was not observed visually
until after the second seeding, was falling from the
cloud before it was seeded. It is possible that the
seeding did hasten the dissipation of the cloud and
prevent further development of the storm. Other
shower echoes were forming within 30 miles of the
seeded area at the time the echo from the seeded
cloud was disappearing from the radar scope.
This echo from the seeded cloud disappeared from
the scope by 1531 E. S. T.

Only two airplanes flew the mission. The high
photo plane was directed, after a rainbow was
observed below the seeded cloud, to descend and
investigate the intensity and amount of rain
falling. Upon descent, observers reported that
rainfall was light and did not reach the ground.

CLOUD SEEDING OF JUNE 30, 1948

Synoptic situation.—The area of seeding opera-
tions at 1330 E. S. T. was located east of a cold
front oriented northeast to southwest across the
extreme northwestern part of Ohio and central
Tndiana. A thundershower was occurring at
Columbus, Ohio, at map time, and several
showers had occurred over southwestern Ohio
prior to 1330 E. 8. T.

Conditions of seeding.—Various portions of a
cumulus cloud were seeded on three different runs.
The cloud had two pronounced bulges; one of the
bulges was seeded on the first run while the second
bulge was seeded on the second and third runs.
Another towering cumulus was just to the south-
west of the seeded cloud. The tops of the cloud
ranged from 18,000 feet mean sea level on the first
run to 17,000 feet on the second; and 16,700 feet
on the third; the base ranged from 3,500 feet on
the first run to 4,800 feet on the second and third
runs. Temperatures near the tops were —10.0°,
—7.0° and —6.0° C., respectively, on the three
runs, and temperatures at the bases were +18.0°
C. on the first run and +15.0° C. on the second
and third runs. The freezing level was at about
12,400 feet mean sea level. Light to moderate
turbulence was encountered on the first seeding
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run, but none was observed above the cloud tops
on the other two seedings.-

Rate of seeding.—Dry ice pellets were dropped at
the rate of 1, 10, and 15 pounds per mile respec-
tively on the three runs.

Tvme and duration of seeding:

1st seeding: 1415:15 E. S. T.; 32 seconds.
2d seeding: 1504 E. S. T.; 32 seconds.
3d seeding: 1508:55 K. S. T.; 20 seconds.

Results.—Dissipation was observed after all
three seedings. A ftrough formed in the first
cloud, and the seeded area thinned out so much
that the ground could be seen in spots, but a
definite hole did not form. After the second
seeding (the first run on the second tower), a
small portion of the top dissipated. Following
another run into the same portion of the cloud as
the second runm, the cloud dissipated rapidly,
leaving a hole. A texture change was observed
after the seeding runs.

A few drops of precipitation were observed to
have fallen after the first seeding, but it cannot be
definitely said that it was the result of seeding.
No precipitation fell after thé second and third
seedings.

Method of verification:

1. Structural:
All seedings: Aerial observations (visual).
2. Precipitation:

a. 1st seeding: Aerial observations (visual),
radar tracks of the aireraft, and rain
gage at Clinton County Air Force
Base (figs. 1 through 6).

b. 2d seeding: Aerial observations (visual)
and pictures of CPS-6 radar scope
(figs. 7 and 8).

¢. 3d seeding: Aerial observations (visual)
and pictures of CPS-6 radar scope.

Commenits—Dissipation results may have been
significant, since the cloud was observed to be
building at the time of seeding. The sequence of
events, as correlated from visual observations and
radar pictures would indicate that some natural
dissipation aided the artificial process. For in-
stance, the indications were that a light shower
oceurred under the second bulge before 1t occurred
under the first bulge; and then at the time of
seeding the second bulge, it was observed to be
stagnant—a possible indication that its energy
had been spent and artifical plus natural dissipation
affected that portion of the cloud. The cloud
echo on the radar scope had also disappeared by
the time the second bulge was seeded, but an echo
from a cloud a short distance southwest of the
seeded cloud still remained.

Precipitation observed after the first seeding
may have been significant, but, since the indica-
tions were that the shower started in a portion of
the cloud that was not affected directly by seeding
and which continued to build, it cannot be said
definitely whether the rain would have occurred
without the seeding operation or not. An echo
from a second cloud (not seeded) continued to




grow until 1508 E. S. T. and then disappeared
from the scope by 1528 E. S. T. (figs. 7 and 8).

CLOUD SEEDING OF JULY 7, 1948

Synoptic situation.—The seeding area at 1330
E. S. T. was located on the southern side of an
anticyclone centered in Canada. Skies were
mostly broken over southern Ohio, with strato-
cumuli and a few towering cumuli present. There
were no fronts in the immediate vicinity of the
operations area. Pressure changes indicated a
very slow increase of pressure over the area.

Conditions of seeding—Two small cumulus
clouds were seeded. The first cloud was seeded
twice, the second cloud once. Tops of the cloud
were at 7,400, 8,000, and 8,900 feet mean sea
level, respectively, on the three runs; the bases
ranged from 4,800 feet on the first run to 5,300
feet on the last two. Temperatures were +8.0°,
46.0°, and +8.0° C., respectively, in the vicinity
of the tops of the clouds; at the bases they were
-} 14° C. on the first run and --13.0° C. on the last
two runs. Scattered altostratus clouds were
present also, based at 15,000 feet. The freezing
level was at about 15,200 feet mean sea level.

Rate of seeding—Water was sprayed into the
clouds on all three seeding runs.

Time and duration of seeding:
1st seeding: 1357 E. S. T.; 1 minute.
2d seeding: 1415 E. S. T.; 30 seconds.
3d seeding: 1446 E. S. 'T.; 1 minute.

Results—After the first seeding, the top of the
cloud rose from 7,400 feet to 8,000 feet mean sea
level, and a faint seeding path was visible. The
second run into the same cloud caused it to flatten
out, and the density changed so much that the
observers in the high photo plane could see
through the cloud. After the third seeding, a
run on another cloud, a hole formed in it and
observers could see the ground through it. About
15 to 20 minutes after seeding, the hole began
to fill again.

Precipitation results observed were negative
after all three seeding runs.

Method of verification:

1. Structural:

All seedings: Aerial observations (visual).
(Note: Pictures were taken, but they

did not show the results that were observed
visually.)

2. Precipitation:
All seedings: Aerial observations (visual)
and pictures of CPS-6 radar scope.

Commenis—Effects of dissipation were ob-
served in the seeded area even though the cloud
was building slightly at the time of seeding. The
‘temperature sounding, however, indicated that
the clouds had just about reached their maximum
height since their tops were extending into an
area In which the vertical currents would have
been damped out. Even though building was
observed after the first seeding, it must be noted
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¢
that the cloud was building slightly at the time
it was seeded. '

The environment in the vicinity of the cloud
indicated that its vertical development would be
hindered and the cloud could not grow to an
appreciable size; therefore, a significant amount
of precipitation should not have been expected.
There were no showers occurring naturally in the
vicinity of the seeded area.

CLOUD SEEDING OF JULY 9, 1948

Synoptic situation.—The seeding area at 1330
E. S. T. was located on the western edge of an -
anticyclone centered off the central Atlantic
coast. A squall line was to the west of the seeding
area running north-to-south through Iowa and
northwestern Missouri. Various amounts of cum-
ulus and stratocumulus clouds covered south-
western Ohio.

Conditions of seeding—Three cumulus clouds
were seeded, the first four times and the others
once each. The tops of the clouds were at
11,900, 11,900, and 24,500 feet mean sea level,
respectively, and their bases were at 5,200 feet.
The temperatures at the tops ranged from --4.0°
C. on the first two clouds to —23.0° C. on the
third cloud; at the bases temperatures were
+18.0° C. on all seeding runs. The freezing level -
was at about 14,200 feet mean sea level. Light
turbulence was encountered in the first two clouds,
and moderate turbulence was observed in the
third cloud on the seeding runs.

Rate of seeding.—The water spray was used
on the first four drops into the first cloud. Dry
ice pellets were dropped in the second and third
clouds at the rate of 15 and 12 pounds per mile,
respectively. Water was also sprayed into the
second and third clouds. .

Time and duration of seeding:

Ist to 4th seedings: 1502:30 E. S. T.; 11
minutes and 12 seconds.

5th seeding: 1526:15 E. S. T.; 30 seconds.

6th seeding: 1554:40 E. S. T.; 20 seconds,

Results.—Each time a run was made on the
first cloud a portion of the top dissipated; finally,
after the fourth run, one end of the cloud dissi-
pated. After the seeding of the second cloud, it
began to dissipate rapidly and a hole formed
through it. Following the seeding of the third
cloud (the sixth run), the top seemed to break off
from the base, with about 200 to 500 feet of the
top section dissipating (fig. 24). Moderate tur-
bulence was observed in and around the cloud
before seeding, but on a run through it a few min-
utes later the air was observed to be smooth.

A few drops of rain were observed below the
second cloud after seeding, but the rain was not
believed to have reached the ground. Light rain
was also observed within 5 miles of the third
seeded area (about 31 minutes after seeding), but
it could not be determined definitely whether or
not it was the result of seeding.



FIGURE 24.—Sequence of cloud pictures from sixth run of July 9, 1948. (a) 1552:30 E. 8. T'. View of third cloud to be seeded, observed to be building at the
rate of about 500 feet per minute at the time of seeding. (b) 1556:45 E. 8. T. View of cloud approximately 2 minutes after seeding. (c) 1600:15 E. 8. T.
View of cloud about 6 minutes after seeding, showing contrast with unseeded cloud (to the right), which was building (see cloud at right in (b)). (d)
1608:15 E. S. T. View of remaining portion of cloud after about 200 to 500 feet of the top section had dissipated.

Method of verification:

1. Structural: ,
a. 1st to 4th seedings: Aerial observations
(visual and photographic).
b. 5th and 6th seedings: Aerial observations
(visual and photographic). (fig. 24)
2. Precipitation: .
All seedings: Aerial observations (visual).

Comments.—The V-beam radar was inoperative
throughout the entire mission. Locations of
seeded areas by the various aircraft could be made
only through visual references made by the ob-
servers in the aircraft.

Dissipation results were observed in the first
two clouds, that were stagnant at the time of
seeding, and in the third cloud which was building
at the rate of about 500 feet per minute at the

time of seeding. It is interesting to note that no
clear ice was picked up at the seeding altitude
when the run was made through the third cloud.
This cloud was already forming a veil top and the
seeding aircraft picked up only snowflakes on the
run; yet some dissipation was observed below the
seeding level, with the top portion of the cloud
being cut off from the base, thereby possibly indi-
cating supercooled water droplets below the seed-
ing level. It may be emphasized that water and
dry ice were used simultaneously on the second
and third clouds; therefore, it was impossible to
determine which of the nucleating agents was re-
sponsible for the results observed.

The precipitation observed may or may not
have been significant. At any rate, no measur-
able amounts of rainfall were observed; therefore,
if any rain did fall as a result of the seeding, it was




inconsequential economically. Natural showers
were occurring within 30 miles of the third seeded
cloud and within 60 to 70 miles of the second
seeded cloud.

Tt was also noted that a portion of the third
cloud began to build again a short time after the
dissipation of the seeded portion was observed.
This may or may not have been the result of
seeding. The precipitation could have been
caused indirectly by seeding also, but definite
conclusions in this regard may not be drawn.

CLOUD SEEDING OF JULY 12, 1948

Synoptic situation.—The area of seeding opera-
tions at 1330 E. S. T. was in a very weak and
indefinite pressure field. There was considerable
cloudiness over Ohio, Indiana, and northern
Kentucky, with scattered showers and thunder-
storms over the area.

Conditions of seeding.—Three cumulus clouds
were seeded. The first two clouds were already
producing showers at the time of seeding; the
third cloud was small and no rain was falling from
it, but showers were occurring about 30 miles
south of it. The tops of the clouds ranged from
19,500 feet mean sea level on the first run, to
20,000 feet on the second run, and 7,000 feet on
the third run. Bases were near 3,800 feet, with
a temperature of +420.0° C. Temperatures in
the vicinity of the tops were —8.0°, —9.0°, and
+14.0° C., respectively, on the three runs.

Rate of seeding.—Dry ice pellets were dropped
into the clouds on the first two seeding runs at
the rate of about 8 pounds per mile. Although
the duration of seeding in the second cloud was
not known, the time was estimated in order to
arrive at the rate of seeding. Water was sprayed
into the third cloud. -

Time and duration of seeding:

1st seeding: 1414:15 E. S. T.; 45 seconds.

2d seeding: 1448:30 E. S. T.; actual time no
determined. ‘

3d seeding: 1521:50 E. S. T.; 30 seconds.

Results.—After the first seeding, the cloud
stopped building and about three-fourths of it
dissipated, with a trough forming. Following the
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second seeding, about 50 percent of the cloud dis-

sipated. A change in texture was observed after
the first and second seedings. No results were
observed after the third seeding.

Rain was falling from the first two elouds and
echoes from them were present on the radar scope
before and after seeding. No rain was observed
to have fallen from the third cloud.

Method of verification:

1. Structural:
All seedings: Aerial observations (visual).
(Note: Pictures taken were overex-
posed.)
2. Precipitation: ,
a. lst seeding: Aerial observations (visual)
and pictures of CPS—6 radar scope.

. 2d seeding: Aerial observations (visual)
and pictures of CPS-6 radar scope.
Also, rain gage measurements from sev-
eral stations in the southeast portion of
the Cloud Physics rain gage network.
3d seeding: Aerial observations (visual)
and visual observations of the CPS-6
radar scope.

Comments.—The dissipation results observed
after the first two secdings were noted in clouds
that were building at the time of seeding. The
divergence of results in reference to the change in
the size of the rain echoes on the radar scope may
have been significant. For example, the echo
from the first area seeded decreased in size, while
echoes from unseeded portions actually merged
together and increased in size, but the sequence
of events reversed after the second seeding An
echo very close to the second seeded area de-
creased in size much more rapidly than the echo
from the seeded area. X

There was no dissipation observed after the
third seeding even though the cloud was observed
to be stagnant at the time of seeding. This cloud
was seeded with water.

Rainfall observed after the first and second
seedings was not significant, since rain was falling
from the clouds before they were seeded. Even
though there was no precipitation from the third
cloud, it must be noted that the cloud was small
and could not have produced a significant amount
of rain, even through natural processes, without
considerable propagation. The first cloud did
not pass over a rain gage; but since it formed an
echo about the same size as the second cloud, it
was estimated that about 0.11 inch of rain fell
from it. The second cloud passed over the rain-
gage network, and a maximum of 0.11 inch of
rainfall was recorded at Station No. 50 for the
period 1505 E. 8. T. to 1515 E. S. T.

CLOUD SEEDING OF JULY 13, 1948

Synoptic situation.—The area of seeding opera-
tions at 1330 E. S. T. was south of a cold front
running east-west across central Ohio and Indiana.
Pressure tendencies on both sides of the front
indicated that it would be very slow-moving.
Considerable cloudiness covered Ohio and Indiana,
with towering cumulus prevalent over south-
western Ohio. '

Conditions of seeding.—Five cumulus clouds
were seeded on four runs. On the second run, two
clouds that were oriented in a north-south line
were seeded consccutively. Some altostratus
clouds were present, and occasionally the seeding
aircraft observed very light rain falling from that
cloud deck. Tops- of the clouds ranged from
13,000 feet mean sea level to 13,300 feet on the
first two runs and 17,000 feet on the last two runs,
which were on the same cloud. Bases were near
5,000 feet mean sea level, with temperatures of
+17.0° C. Temperatures in the vicinity of the



cloud tops were -3.0°, 42.0°, —4.0°, and
—4.0° C., respectively, on the four seeding runs.

Bate of seeding.—Water was sprayed into the
clouds on the first two runs, and dry ice was

dropped in the cloud at the rate of 12 and 17

pounds per mile on the last two seedings.
Trme and duration of seeding: A

1st seeding: 1422:05 E. 5. T.; 25 seconds.

2d seeding: 1445:30 E. S. T.; 1 minute.
(Water was left on while the aircraft was in
the clear air between the two clouds
seeded.)

3d seeding: 1516:47 K. S. T.; 38 seconds.

4th seeding: 1524:25 E. S. T.; 30 seconds.

Resulis.—After the first seeding, there was a
slight change in density followed by a sinking of
the cloud top. About 9 minutes after seeding, the
cloud had shrunk so much that only a small por-
tion of it remained. Following the second seed-
ing of two clouds very close together the first one
dissipated within 1 minute and the other cloud
persisted for about 10 minutes and built up
slightly. Then the second cloud began to dissi-
pate, with a hole formmg in it. Final observa-
tions revealed that about 90 percent of the cloud
dissipated. Following the third run, the cloud
began to dissipate; and after another run into the
same cloud, a hole formed through the cloud,
allowing the observers to see the ground.

Very light precipitation was observed below the
second cloud of the second seeding, but observers
reported that it did not reach the ground. Follow-
ing the third seeding, a small echo appeared on the
radar scope at 1522 K. S. T., and light rain was
'observed below the cloud for the first time at
1525:50 E. S. T. No precipitation was observed
to have fallen from the first cloud seeded.

Method of verification:
1. Structural
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third seeding probably did not grow to full size,
because its maximum size was very insignificant
in comparison with natural echoes that were
forming and growing at the same time very close
to the echo from the seeded area. One echo
about 15 miles southwest of the seeded cloud
formed after the one which followed. seeding and
grew to be considerably larger than the maximum
size of the echo from seeding. Such a sequence
of events may have been significant. Precipita-
tion from the seeded cloud was observed by the
surface observer at Station No. 19 of the rain gage
network from 1530:10 E. S. T. to 1537 E. S. T.
The total amount of rainfall that fell from the
cloud was only a trace.

CLOUD SEEDING OF JULY 16, 1948

Synoptic situation.—The seeded area at 1330
E. S. T. was located in the warm sector of a low-
pressure area. The warm front was oriented
north-south through eastern Ohio, and the cold
front was oriented north-south through eastern
Tlinois. Pressure changes were small and of
about the same magnitude on both sides of the
cold front. Skies were cloudy, and scattered
showers and thundershowers were occurring or
had occurred over southwestern Ohio.

Conditions of seeding.—Two cumulus clouds
were seeded, and one run was made through a
cloud without the dropping of any nucleating
material, in order to determine the effect of the

" aircraft on the cloud. Since results of that run

a. st seeding: Aeria] observations (visual)

and pictures of seeded cloud.

2d seeding: Aerial observations (visual)
and pictures of seeded clouds, showing
partial results on the second cloud.

c. 3d and 4th seedings: Aerial observations

(visual).
2. Precipitation:

2. Ist three seedings: Aerial observations
(visual) and photographs of CPS-6
radar scope.
4th seeding: Aerial observation (visual)
and photographs of CP3—6 radar scope
plus visual observations by surface
observer.

(Note: Pictures taken of the base of
the clouds on the 2d, 3d, and 4th seed-
ings, but precipitation was too light to
show.)

Commenis. —Dissipation was observed in clouds
that were building at the time of seeding.

Other showers were occurring within 15 miles
of all the areas seeded. Observations of the radar
scope indicated that the echo formed after the

b.

b.

were insignificant, they have been omitted from
this report. 'The third seeding was into the same
cloud on which the dry run was made. Tops of
the clouds ranged from 13,000 feet mean sea level.
with a temperature in the vicinity of the tops of

~45.0° C. on the first run, to 15,000 feet with a

temperature of +1.0° C. on the third. Baseswere
near 4,500 feet with temperatures of +19.0° C.
Some scud clouds were present at 300 to 400 feet
as well as some altocumuli. Several showers
were occurring close to the seeded:arcas on all
runs. The freezing level was at approximately
15,800 feet mean sea level.

Rate of seeding.—Dry ice pellets were dropped
at the rate of 5 pounds per mile on the first and
third seeding runs.

Time and duration of seeding:

1st seeding: 1454:35 E. S. T. 27 seconds.

2d seeding: Not included in this report.

3d seeding: 1528:05 E. S. T.; 1 minute and
15 seconds.

Results.— After the first seeding, about 90 per-
cent of the cloud dissipated. Only the low scud
clouds below the main body of the cloud were
left. Following the third seeding, about 50 per-
cent of the cloud dissipated; the top portion
disappeared.

Rain was observed to have fallen from the first
seeded cloud before and after seeding. Observers
in the low observation plane estimated that the




rain was falling to the ground. Rain was ob-
served in the third cloud on the seeding run;
therefore, a light rain probably was falling or on
the verge of falling at the time of seeding. A
cloud echo, however, did not appear on the radar
scope until 2 minutes after seeding.

Method of verification:
1. Structural:

a. 1st seeding: Aerial observations (visual) -

and photographs of seeded cloud.

b. 2d seeding: Not included in this report.

c. 3dseeding: Aerial observations (visual).
2. Precipitation:

a. 1st seeding: Aerial observations (visual)
and pictures of CPS-6 radar scope.
Rain gage reports from Cloud Physics
surface network.
2d seeding: Not included.
3d seeding: Aerial observations (visual)
and pictures of CPS-6 radar scope.
Did not pass over a rain gage.

Comments.—Dissipation was observed in clouds
that were building at the time of seeding. To add
further significance to the results, dry ice was used
even though the temperatures of the clouds were
above freezing. :

It was significant that light rain was falling
naturally from the clouds seeded, even though it
was indicated that their temperatures were above
freezing. The first seeded area passed over the
surface network, but no rain was recorded by the
rain gages. (Note: It requires about 0.01 inch
of water to affect the weighing-type rain gage.)
Natural showers that were moving across the
network about 6 miles to the northwest of the
seeded area produced about 0.08 inch of rain.

Another significant point was revealed when a
small echo appeared in the third seeded area
about two -minutes after seeding. It did not
grow to an appreciable size, but it dissipated
within 10 minutes while a cloud within 3 miles
of the seeded one formed an echo that persisted
and grew in size. The echo from the unseeded
cloud was still present on the radar scope at
1548 E. S. T., when the cameras were turned off.
Since considerable moisture and light rain were
encountered in the third cloud on the seeding run,
the indications were that the cloud might have
produced a light rain regardless of whether or
not it was seeded.

Because of difficulty in locating the low observa-~
tion plane on the radar scope, it was not used on
the third seeding; therefore, it could not be defi-
nitely determined whether rain was actually
falling from the cloud before seeding.

CLOUD SEEDING OF JULY 19, 1948

Synoptic situation.—The area of seeding opera-
tions at 1330 E. S. T. was located in a weak pres-
sure field south of a cold front oriented east-west
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across extreme northwestern Ohio and thence
southwest through central Indiana. A shower was
reported at map time at Clinton County Air
Force Base, and thundershower activity was
occurring along a squall line running north-south
through central Illinois.

Conditions of seeding.—Three cumulus clouds
were seeded on four runs. The second and third
runs were made into a cumulus that had already
developed into a thunderstorm. Because of the
confusion in trying to follow the seeded cloud,
observations were inaccurate and the cloud was
abandoned; therefore, it is not included in this
report. The tops of the clouds on the first and
fourth runs were 13,700 feet mean sea level and
16,500 feet, respectively, with temperatures in
the vieinity of the tops 4+1.0° C. on the first run
and —2.0° C. on the fourth. Bases were at 4,000
feet mean sea level, with temperatures of -18.0°
C. The freezing level, according to the adiabatic
chart, was near 14,000 feet mean sea level.

Rate of seeding.—Water was sprayed into the .
clouds on all seeding runs. Charged water was
used on the fourth run.

Time and duration of seeding:
1st seeding: 1503:05 E. S. T.; 30 seconds.
2d seeding: 1512:37 E. S. T., not included.
3d seeding: 1515:30 E. S. T.; not included.
4th seeding: 1538:20 E. S. T.; 1 minute and
20 seconds.

Results.—After seeding of the first cloud, it
completely dissipated, but observations revealed
that it was dissipating at the time of seeding. After
the fourth seeding, about 20 percent of the cloud
dissipated.

No precipitation was observed to have fallen
from either of the clouds before or after seeding.

Method of verification:
1. Structural:
a. 1st seeding: Aerial observations (visual).
b. 4th seeding: Aerial observations (visual)
and pictures of the seeded cloud.
2. Precipitation:
1st and 4th seedings: Aerial observations
(visual) and pictures of CPS-6 radar
scope.

Comments.—Dissipation of the first cloud was
not significant since it was dissipating naturally
at the time of seeding. Other clouds in the vicin-
ity of the seeded cloud were in various stages of
development from dissipation to building. Dis-
sipation results observed after the fourth seeding
were in a cloud that was building at the time of
seeding. Moderate to heavy turbulence was
encountered in the cloud on the seeding run. A
pronounced downdraft was observed in a portion
of the cloud.

Natural showers were occurring within 15 miles
of the first area seeded and within 10 miles of the
4th area seeded, but no showers fell from the
seeded clouds before or after seeding. '



CLOUD SEEDING OF JULY 27, 1948

Synoptic situation.—The seeding area at 1330
E.S.T. was southeast of a frontal system running
northeast to southwest across southern Lake
Michigan and northern Illinois. Wilmington,
Ohio, was reporting a thundershower at map
time.

Conditions of seeding.—Four runs were made on
cumulus clouds, but only three are considered in
this report. On the third run, the cloud dissi-
pated before it could be seeded. The tops of the
clouds ranged from 10,000 feet mean sea level to
12,300 feet, with temperatures near the tops
ranging from -7.0° to +3.0° C. Bases were
near 4,400 feet mean sea level, with temperatures
of +17.0° C. The freezing level was at approxi-
mately 14,200 feet mean sea level.

Rate of seeding.—Water was sprayed into the
cloud on the first run. The plane was flown
through the cloud on the second run, but no
seeding material was dropped. On the fourth
run, dry ice was dropped at the rate of 4 pounds
per ‘mile.

Time and duration of seeding:

1st seeding: 1426:10 E. S. T.; 20 seconds.

2d seeding: 1434:40 E. S. T.; duration un-
known.

3d seeding: cloud dissipated before it could
be seeded.

4th seeding: 1457:25 E. S. T.; 15 seconds.

Results.—All clouds dissipated rapidly after
seeding, but it is doubtful whether the dissipa-
tion was the result of seeding.

No precipitation was observed in or around
the seeded areas.

Method of verification:

1. Structural:
All seedings: Aerial observations (visual).
2. Precipitation:
All seedings: Aerial observations (visual)
and CPS-6 radar pictures.

Comments.—The observations of dissipation
were not significant, since other clouds were dis-
sipating naturally. At the time of the fourth
seeding, another cloud very close to the seeded
one dissipated as well as the seeded cloud. The
cloud that was to be seeded on the third run
dissipated naturally before the aircraft could be
brought into position to drop the nucleating agent.

CLOUD SEEDING OF JULY 30, 1948

Synoptic situation.—The area of seeding oper-
ations at 1330 E. S. T. was located east of a slowly
moving cold front running northeast to southwest
across northwestern Ohio and central Indiana.
Towering cumulus clouds were predominant ahead
of the front, with scattered showers along the
cold front.

Conditions of seeding.—Four seedings runs were
made, but only three are included in this report.
The observers did not remain in the seeded area
after the fourth run because of threatening
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weather at the airbase. Part of the seeding
nuclei missed the first cloud. The tops of the
clouds were at 13,200 feet mean sea level, 14,900
feet, and 16,500 feet, respectively on the three
runs, with temperatures in the vicinity of -+4.0°,
+2.0° and 0.0° C., respectively. Bases were
near 4,550 feet, 3,700 feet, and 3,500 feet, with
temperatures of -+20.0°, 4-24.0°, and 425.0° C
respectively. The freezing level was near 16,500
feet mean sea level.

Rate of seeding.—Dry ice pellets were dropped
at the rate of 7, 6, and 6 pounds per mile, respee-
tively, on the three runs. -All drops were made
from above the cloud tops.

Time and duration of seeding:
ist seeding: 1422:15 E. 8. T.;
8 seconds.
2d seeding: 1434:40 E. S. T.; 40 seconds.
3d seeding: 1459:30 E. S. T.; 1 minute and
5 seconds.
4th seeding: Not included.

Results—After the first seeding, the top of the
cloud stopped its growth, and about 20 percent of
it dissipated. Following the second seeding,
about 95 percent of the cloud dissipated, with the
cloud breaking up into small pieces. The portion

1 minute and

‘of the third cloud that was seeded began to dissi-

pate after seeding, with the cloud splitting into
two separate parts. The unseeded portion re-
mained at about the same height as it was at the
time of the seeding run.

No precipitation was observed below the clouds
after the first and second seedings. ILight rain was
reported below a portion of the third cloud, but
that area was appearing as an echo on the radar
scope before the cloud was seeded (figs. 16, 17).
Observers in the seeding aircraft observed a rain-
bow below the cloud after seeding.

Method of verification:
1. Structural:

All seedings: Aerial observations (visual).
2. Precipitation:
All seedings: Aerial observations (visual)
and track of aircraft on CPS—6 radar
scope (figs. 16 to 19).

Comments.—All clouds seeded were in the build-
ing stage while neighboring clouds were in stages
varying from dissipation to building. Dry ice
was used as the seeding agent even though the
clouds were not supercooled.

The third cloud appeared as an echo on the
radar scope about 10 minutes prior to the seeding
run (fig. 16).  The low observation plane did not
report rain below the cloud, however, until 4
minutes after seeding. The rain fell from the
portion of the cloud that was not seeded—under
the tallest bulge. Since an echo was already
present, the cloud. probably would have produced
light rain regardless of whether or not it had been
seeded. The echo disappeared from the radar
scope about 1504:30 K. S. T. The cloud did not
pass over a rain gage.




. Echoes of varying degrees of intensity were
present within 12 to 15 miles of all the seeded
areas.

CLOUD SEEDING OF AUGUST 5, 1948

Synoptic situation.—The seeding area at 1330
. E. S. T. was located on the eastern side of an
anticyclone. The clouds were mostly broken
stratocumuli, with a few towering cumuli over
southwestern Ohio. Scattered showers had oc-
curred over southwestern Ohio during the 6-hour
period preceding map time.

Conditions of seeding—Cumulus clouds were
seeded three times. The third cloud had two
bulges that were seeded consecutively. The tops
of the clouds were at 12,980 feet mean sea level,
13,080 feet, and 13,040 feet, respectively, with
temperatures in the vicinities of the tops at
—4.0°. Bases varied from 4,000 feet mean sea
level to 4,500 feet, with temperatures of +13.0°
to +12.0° C. Light to moderate turbulence was
encountered in the clouds.
was near 10,200 feet mean sea level.

Rate of seeding.—Dry ice pellets were dropped
on the first seeding run at the rate of 6 pounds
per mile. Dry ice pellets were dropped in a lump
drop on the second run, and water was sprayed
into the cloud on the third run.

Time and duration of seeding.

1st seeding: 1440:20 E. S. T. 38 seconds.

2d seeding: 1508:15 E. S. T. 5 seconds.

3d seeding: 1535:20 E. S. T. 1 minute and 50
seconds.

Results.—After the first seeding run, the top of
the cloud continued to build about 500 feet; then
there was a texture change and the top and the
base of the cloud began to dissipate. It became
wispy with a hole forming through it. Final
observations revealed that about 75 percent of the
cloud dissipated. The top of the second cloud
dissipated so rapidly that it was gone by the time
the airplane had been turned 180°. There was
only about’' 15 percent dissipation, however.
About 10 minutes after seeding, the entire third
cloud began to break up, with the top dropping
and the base deteriorating. A hole finally formed
through the cloud, with about 30 percent of the
entire cloud body dissipating.

A few drops of rain were reported by the ob-
server in the low observation plane about 11
minutes after the first seeding. A small faint
cloud echo appeared on the radar scope approxi-
mately 20 minutes after the seeding run. No
precipitation was observed before or after seedmg
in the second and third seeded areas.

Method of verification:

1. Structural:
a. 1st seeding: Aerial observations (visual)
and photographs of the seeded cloud.
b. 2d seeding: Aerial observations (visual).
c. 3d seeding: Aerial observations (visual)
and photographs of the seeded cloud.

The freezine level
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2. Precipitation:

All seedings: Aerial observations (visual)
and pictures of CPS—6 radar scope.

Comments.—All clouds that were seeded were
observed to be building at the time oi seeding.
Other clouds close by were in various stages,
ranging from dissipation to building.

The precipitation observed after the first seed-
ing run was very light and was not believed to
have reached the ground. There were other cloud
echoes within 30 miles of all the seeded areas.
One small echo formed naturally at 1439 E. S. T.
about 8 miles south of the area seeded on the first
run. The natural echo disappeared from the
radar scope at 1454 E. S. T. The echo from the
seeded cloud appeared at 1500 E. S. T. and dis-
appeared at 1507:25 E. S. T.

CLOUD SEEDING OF AUGUST 11, 1948

Synoptic situation.—The seeding area at 1330

E. S. T. was ahead of a cold front running north-

east to southwest from northwestern Indiana
through central Illinois. Stratocumuli and tower-
ing cumuli were the predominant cloud types
over southwestern Ohio. A few scattered showers
had occurred over central and southwestern Ohio
in the 6-hour period prior to 1330 E. S. T.
Conditions of seeding.—Several cumulus clouds
were seceded on four seeding runs. The first
seeded cloud became confused with neighboring
clouds, and since accurate observations could not -
be made, it is omitted from this report. The
second seeding was in a cumulus cloud on the
southwest end of a line of four. The third run

- was through the entire line which included another

portion of the cloud seeded on the second run plus
three additional clouds. The top of the cloud on
the second run was at 13,620 feet mean sea level,
with a temperature in the vicinity of the top of
0.0° C. The tops of the other clouds on the third
run averaged 11,830 feet in height, with a tem—
perature in the vwmlty of the tops of +3.0° C
The top of the cloud on the fourth run was at
11,000 feet, with a temperature near the top of
+5.0° C. The bases of all the clouds were near
3,000 feet mean sea level, with a temperature of
+17.0° C. The freezing level was near 13,620
feet mean sea level.

Rate of seeding.—Dry ice pellets were dropped
at the rate of 8 pounds per mile on the second run.
Water was sprayed into the clouds on the third
run. Lead oxide vapor was seeded into the cloud
on the fourth run.

Time and duration of seeding:

ist seeding: Not included.

2d seeding: 1352:20 E. S. T.; 35 seconds.

3d seeding: 1406:02 E. S. T.; 2 minutes and 6
© seconds.

4th seeding: Time and duration unknown.

Results—After the second seeding, which was
into only a portion of the cloud, there was a den-
sity change, with about 40 percent of the cloud



dissipating. A hole formed through the cloud in
the seeded area (fig. 25). The unseeded portion
of the cloud built up slightly. The third seeding
run resulted in some dissipation of the tops of the
first two clouds on the southwest end of the line.
The other two clouds did not change much, but
they mherged together and the resulting top ap-
peared to be about the same as the two tops had
been before seeding except for a small amount of
building. After the fourth seeding, a definite
shallow trough appeared in the cloud, but it was
not conclusive that such a result was due to the
seeding alone.

Light rain was observed in the third seeded area
before and after seeding. No precipitation was
observed to have fallen after the second run.
Results of precipitation after the fourth run were
not determined, but there were no cloud echoes on
the radar scope in or around the area in which the
seeding aircraft circled.

Method of verification:

1. Structural:
a. 1st seeding: Not included.

e b

F16URE 25.—Sequence of cloud pictures from second seeding run of August 11, 1948, (a) View of cloud to be seeded. (b) View of cloud after seeding,
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b. 2d seeding: Aerial obscrvations (visuai)
and photographs of seeded cloud (fig. 25).
¢. 3d and 4th seedings: Aerial observations
(visual).
2. Precipitation:

a. 1st seeding: Not included.
b. 2d and 3d seedings: Aerial observations
(visual) and positions of aircraft on
CPS-6 radar scope. '
c¢. 4th seeding: Aerial observations (visual).
Comments.—Dissipation results were observed
in clouds that were building at the time of seeding.
Since the seeding altitude on the third run resulted
in the aircraft’s passing through some of the clouds
and above the tops of others, it cannot be said
just how much effect the aireraft may have had
on the clouds in addition to the seeding material.
After the fourth run, another cloud top was flown
through to try to determine whether the trough
formed in the cloud after seeding was the result of
seeding or the result of the aircraft flying through

the cloud. Some dissipation of the top of the

unseeded cloud was also observed; therefore, it

ic
" (e) Later

view of eloud after sceding, showing hole (in foreground) resulting from dissipation.




cannot be said how much of the results after the
fourth seeding was due to seeding.

~ All indications were that the second cloud from
the southwest end of the seeding line on the third
seeding run was producing light rain before and
after seeding. Aerial observations revealed that

the rain was not striking the ground. No other.

precipitation was observed along the seeded line
before or after seeding. The cloud echo from the
second cloud appeared on the radar scope about
3 minutes after the second seeding run and dis-
appeared 32 minutes after its inception. Whether
the seeding had any direct effect on its disappear-
ance cannot be said definitely, but another echo
about 10 miles southeast of the seeded area went
through a similar cycle within the same period
of time. Natural showers were occurring within
12 to 15 miles of all the seeded areas. The seeded
area did not pass over a rain gage.

CLOUD SEEDING OF AUGUST 13, 1948

Synoptic situation.—The area of seeding opera-
tions at 1330 E. S. T. was in a weak and in-
definite pressure field. A very weak stationary
front was oriented east-west between Dayton,
Ohio, and Wilmington, Ohio. Only scattered
fair-weather type cumulus clouds with a few cirrus
clouds were present over southwestern Ohio at
map time.

Conditions of seeding.—Cumulus clouds were
seeded five times. The third and fourth runs
were into the same cloud. On the second seeding
run, two bulges were seeded consecutively. The
top of the first cloud was at 15,000 feet mean sea
level, and the other three clouds ranged in height
from 15,300 feet to 14,000 feet. Temperatures in
the vicinities of the tops were —2.0° C. on the
first two runs and —1.0° C. on the last three.
Bases of the clouds were near 6,000 feet mean sea
level, with temperatures of -+14.0° C. The
freezing level was near 13,700 feet. Varying
amounts of turbulence ranging from light to mod-
erate were encountered in all clouds.

RBate of seeding.—Dry ice was dropped on the
first two seeding runs at the rate of 6 pounds and
5 pounds per mile, respectively. Forty pounds of
granulated dry ice were dumped into the cloud on
the fifth run, instantaneously. Water was sprayed
into the cloud on the third and fourth runs.

Time and duration of seeding:

1st seeding: 1354:15 E. S. T.; 45 seconds.
2d seeding: 1408:30 E. 8. T.; 45 seconds.
3d seeding: 1442:45 E. 8. T.; 1 minute.

4th seeding: 1445:45 E. S. T.; 50 seconds.
5th seeding: 1515:35 E.'S. T.; 20 seconds.

Results.—The first seeding resulted in about 90
percent of the cloud dissipating in about 10 to 20
minutes after seeding. Following the second
seeding, the cloud dissipated about 90 percent
also. Both the first and second clouds seemed to
fall to pieces, with numerous holes appearing in
the clouds. After the third seeding, the seeding
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path was visible in the bulge seeded, with slight
dissipation observed. Another portion of the
cloud built up at the time the seeded portion was
dissipating. The fourth run was into the section
of the same cloud that had continued to grow
vertically. Following this seeding, the entire
cloud stopped its growth, with a density ¢hange
and some dissipation observed in the entire cloud.
The dissipation was not as marked as in the first
two clouds. The fifth seeding resulted in about
85 to 90 percent of the cloud dissipating, but it is
doubtful that the magnitude of the. dissipation
was the result of seeding alone.

The precipitation results were not accurately
determined, but if any rain did fall from the clouds,
it must have been light and insignificant because
there were no echoes formed on the radar scope in
the seeded area.

Method of verification:
1. Structural:
a. st and 2d seedings: Aerial observations
(visual) and photographs of seeded cloud.
b. 3d seeding: Aerial observations (visual).
c. 4th and 5th seeding: Aerial observations
(visual) and photographs of seeded cloud.
2. Precipitation:

a. lst seeding: Pictures of CPS-6 radar
scope, indicating no cloud echoes, and
visual observations of radar scope at
time of mission.

. Other seedings: Aerial observations (vis-
ual) and pictures of CPS-6 radar scope
plus visual observations of radar scope
at time of mission.

Comments—The first two clouds in which dis-
sipation was observed were about stagnant at the
time of seeding. The cloud seeded on-the third
and fourth runs was observed to be in the building
stage. The fifth cloud was predominantly stag- -
nant, but some portions were observed to be dis-
sipating at the time of seeding. All observations
revealed that the dissipation observed was more
rapid when the clouds were seeded with dry ice
than when they were seeded with water.

The airplane beacons were too sporadic to effi-
ciently coordinate the mission by radar control,
but cloud conditions were such that the observers
in the various aircraft could keep in visual contact
with each other on all seeding runs except the
first two. In any event, there were very few cloud
echoes on the radar scope, and the ones that were
present were easily differentiated from the seeded
arcas through visual observations of the scope at
the time of the mission. Following the second
seeding, the observers in the seeding aircraft were
able to observe the base of the cloud, and they
reported that no rain fell from it. There was a
small cloud echo on the scope about 8 miles south
of the second seeding area and about 40 to 45
miles southwest of the third and fourth seeded
areas. _

Even though complete coordination was not
attained, no echoes from the seeded areas formed
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on the radar scope; therefore, it can be safely
concluded that if any rain did fall after seeding,
it must have been very light and inconsequential
economically.

CLOUD SEEDING OF AUGUST 17, 1948

Synoptic situation.—The area of seeding opera-
tions was in a very weak pressure field at 1330
E.S. T. A variable amount of altocumulus and
swelling cumulus clouds covered southwestern
Ohio. The only frontal system was located a
considerable distance northwest of the seeding
areas, and the indications were that the front
would have no effect on the seeding operations.

“Conditions of seeding.—Attempts were made to
seed four cumulus clouds.
cloud top dissipated before it could be seeded;
therefore, it is omitted from this report. The
tops of the cumuli were at 15,300 feet mean sea
level, 15,000 feet, and 16,000 feet, respectively,
with temperatures near the tops ranging from
—5.0° to —6.0° C. The bases on the first two
runs were near 6,000 feet, and on the fourth run,
near 6,300 feet, with temperatures ranging from
412.0° to +11.0° C. The freezing level was
near 11,800 feet mean sea level.

Rate of seeding—Twenty pounds of granulated
dry ice were dropped instantaneously on the first
two runs and 40 pounds on the fourth run. In
addition, dry ice pellets were dropped at the rate
of 6 pounds per mile on each run.

Time and duration of seeding:

1st seeding: 1333:40 E. S. T'.; 1 minute.
2d seeding: 1404:45 E. S. T.; 40 seconds.
3d seeding: Not included.

4th seeding: 1449:35 E. S. T.; 40 seconds.

Results.—The first cloud grew vertically about
800 feet after seeding and then. dissipation set in.
The final result observed was that the top of the
cloud dropped below 15,000 feet mean sea level,
when the original top had been near 15,300 feet.
The second cloud also grew vertically for a short

-time after seeding and then dissipated at the top
{(fig. 26 (a), (b), (¢)). The total amount of dissi-
pation of both clouds was estimated at about 50
percent. The third cloud (fourth run) began to
"dissipate after seeding and finally took on a
stratiform appearance. :

Very light rain was observed to have fallen
from the clouds after the second and fourth runs,
but the rain was not believed to have reached the
ground. No precipitation was observed after the
first seeding.

Method of verification:

1. Structural:

a. st seeding: Aerial observations (visual)

and photographs of seeded cloud.

b. 2d seeding: Aerial observations (visual)
' an)d photographs of seeded cloud (fig.
26). '
3d seeding: Not included.
4th seeding: Aerial observations (visual).

ao

On the third run, the

(Note: Pictures taken of 4th seeding,
but they did not show the results
observed visually.)

2. Precipitation:

a. lst seeding: Aerial observations (visual)
and visual observations of CPS-6 radar
scope at time of mission.

b. 2d seeding: Aerial observations (visual)
and pictures of CPS-6 radar scope.

c. 3d seeding: Not included.

d. 4th seeding: Aerial observations (visual)
and pictures of CPS-6 radar scope.

Comments.~—All clouds which were seeded were
observed to dissipate partially after seeding,
although they were building at the time of seeding.
The observers were unable to tcll how much, if
any, texture change was accomplished by the first
seeding; but since the cloud was supercooled, it is
believed that some took place. ‘

The precipitation observed after the second and
fourth seedings was very light. A cloud echo
formed on the radar scope in the second seeded area
about 14 minutes after seeding, and the observers
in the seeding aircraft reported a rainbow below
the cloud (fig. 26 (d)). The echo disappeared
within approximately 12 minutes, and the area in
which the echo was present did not pass over a
rain gage. Precipitation after the fourth seeding
(observed 19 minutes after seeding) was not heavy
enough to produce an echo on the radar scope. In
fact, the observers in the low observation plane
reported that they encountered only a few drops
of rain. There were no natural showers within 30
miles of the seeded area.

CLOUD SEEDING OF AUGUST 18, 1948

Synoptic situation.—The area of seeding opera-
tions at 1330 E. S. T. was immediately ahead of a
weak cold front. The front was close enough to
influence the cloud development in the area of
seeding operations. Stratocumuli and swelling
cumull were prevalent ahead of the front, with
fair-weather type cumuli northwest of the front.
A few showers had occurred ahead of the front in
the 6-hour period preceding 1330 E. S. T.

Conditions of seeding.—Cumulus clouds were
seeded five times. The tops of the clouds were at
16,000 feet mean sea level, 15,000 feet, 17,000 feet,
14,500 feet, and 14,000 feet, respectively, with
temperatures in the vicinities of the tops of
—6.0°, —5.0°, —8.0°, —4.0°, and —3.0° C.,
respectively. Bases of the clouds ranged from
4,500 feet mean sea level to 5,000 feet, with tem-
peratures in their vicinities varying from -+13.0°
to +15.0° C. A broken stratocumulus cloud deck
was also present, based at 4,500 feet. On the
fourth run, two clouds were flown through con-
secutively but only the second was seeded. The
freezing level was near 12,200 feet mean sea level.

Rate of seeding.—Dry ice pellets were dropped
at the rate of 4, 5, 4, and 7 pounds per mile, re-

spectively, on the first four seeding runs. In
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FIGURE 27.—Sequence of cloud.pictures from first seeding run on August 30, 1948, (a) 1400 E. 8. T. View of cloud to be seeded. (b) 1418 E. 8. T. View after
seeding showing some dissipation, (c) 1420 E. 8. T. Later view of seeded cloud showing how the body of the cloud decreased in size.
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addition, 20 pounds of granulated dry ice were
dropped instantaneously on the 2d and 3d runs.
Vaporized lead oxide was used as the nucleating
agent on the fifth run.

Time and duration of seeding:

1st seeding: 1302:15 E. S. T.; 50 seconds.

2d seeding: 1336:45 E. S. T.; 15 seconds.

3d seeding: 1403:20 E. S. T.; 55 seconds.

4th seeding: 1422:15 E. S. T.; 40 seconds.

5th seeding: 1513:50 E. S. T.; duration un-
known.

Results.—After the first seeding, the cloud built
slightly and then changed texture, with about 20
percent dissipation. It lost its cumuliform ap-
pearance and became stratified. Following the
second seeding, the cloud built up about 1,500 feet
and then dissipated very rapidly, with only frag-
ments remaining. The third seeding resulted in
about 75 percent of the cloud dissipating. Follow-
ing the fourth run, both clouds (the one flown
through and the seeded cloud) were observed to
dissipate partially, but the seeded cloud dissipated
in greater amount and at a faster rate than the
unseeded one. The fifth seeding also resulted in
partial dissipation, with the seeding path visible
in the cloud and the top dropping down. No
precipitation was observed to fall from any of the
seeded clouds either before or after seeding.

Method of veﬁ,ﬁcafion:

1. Structural:

All seedings: Aerial observations (visual)
and photographs of seeded cloud.

(Note: Pictures of 2d seeding did not
show complete results that were observed
visually.)

2. Precipitation:
All seedings: Aerial observations (visual)
and pictures of CPS—6 radar scope.

Comments.—Dissipation - was observed in the
first two clouds although they were building at
the time of seeding. The last three seedings
were into clouds that were dissipating at the time
of seeding. In fact, natural dissipation was so
active on the third seeding run that the seeded
cloud was hard to locate soon after seeding.
The top of the third cloud dropped considerably
on the seeding run.

Natural precipitation areas were present within
30 miles of all seeded areas; yet no cloud echoes
appeared on the radar scope in the seeded areas.
At one time the observers in the low observation
plane reported light rain, but the plane was about
4 miles north of the fifth seeded cloud and within
3 miles of a natural echo on the radar scope;
therefore, the rain observed was probably falling
from the cloud that was producing the echo on the
radar scope. The observers in the low aircraft
verified that the rain was not falling from the
seeded cloud.
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CLOUD SEEDING OF AUGUST 30, 1948

Synoptic situation.—The area of seeding opera-
tions at 1330 E. S. T. was immediately behind a
cold front oriented approximately east-west
through southern Ohio. Skies were generally
cloudy over southwestern Ohio, with stratocu-
mulus, cumulus, and cumulonimbus clouds. A
thundershower was occurring at Columbus, Ohio,
at map time. A squall line approximately 130
miles long was 50 miles northwest of the seeding
area. The squall line moved into the second
seeded area by 1515 K. S. T. , :

Conditions of seeding.—Two seeding runs on
cumulus clouds were made. The tops of the
clouds were near 16,700 feet mean sea level, with:
temperatures in the vicinities of —5.0° C. Bases
of the clouds were at 7,200 feet and 5,500 feet,
respectively, with temperatures ranging from
+14.0° to +17.0° C. Broken stratocumulus
clouds and some altocumulus clouds were also
present. The freezing level was near 13,800 feet
mean sea level.

Rate of seeding.—Water was sprayed into the
clouds on 2ll seeding runs.

Time and duration of seeding:

1st seeding: 1400:20 F. S. T.; 50 seconds.
2d seeding: 1439:20 E. S. T.; 1 minute.

Results.—About 75 percent of the first cloud
dissipated after seeding (fig. 27). There were
two bulges on the cloud and only one was seeded.
Although both bulges dissipated, the seeded one
dissipated more rapidly. Following the second
seeding, the cloud built up considerably, with a
thunderstorm forming, but it is doubtful that it
resulted from the seeding.

No precipitation was observed after the first
seeding. Rain was observed after the second
seeding, but it is doubtful that it resulted from
the seeding.

Method of verification:

1. Structural: ,
a. 1st seeding: Aerial observations (visual)
and pictures of seeded cloud (fig. 27).
b. 2d seeding: Aerial observations (visual).
2. Precipitation:
Both seedings: Aerial observations (visual)
and pictures of CPS-6 radar scope.

Comments.—Dissipation was observed in the
first cloud although it was building slightly at the
time of seeding. It was significant that both bulges
dissipated when only one bulge was seeded. The
seeded bulge, however, dissipated more rapidly.

Although light rain was reported in the first
seeded area, the coordination of the plane posi-
tions on the radar scope with the location of the
rain area reported indicated that the rain was
coming from an area about 6 miles northeast of the
seeded cloud. The echo was faint and did not
show up on the pictures of the scope, but its posi-
tion was observed visually on the scope at the time
of the mission.



The precipitation observed after the second
seeding was probably not the result of seeding.
Since the cloud was building and continued to
build after seeding, it is doubtful that the seeding
had any effect. The rdate of development did not
seem to be accelerated after seeding. In fact, a
natural echo formed about 4 miles north of the
seeded cloud about 2 minutes before the echo
which appeared in the seeded area, and another
natural echo formed south of the seeded area at
about the time the second cloud was seeded.
Numerous other cloud echoes were forming and
dissipating both before and after seeding very
close to the seeded cloud. Indications were that
the bases of the clouds seeded coincided with the
height of the frontal surface over the seeded area.
Since the air was convectively unstable, the forma-
tion of the showers must have been the result of
frontal activity; therefore, it is logical to assume
that the rain observed after the second seeding
would have occurred without seeding. The seeded
area did not pass over a min gage, but cloud
echoes very close by produced as much as 0.27
inch of rain within 4 hours.

CLOUD SEEDING OF SEPTEMBER 7, 1948

Synoptic situation.—The area of seeding opera-
tions at 1330 E. S. T. was located in a very weak
pressure field. A weak cold front was located in
a north-south line through central Indiana, but
pressure tendencies around the front indicated that
it probably would not progress eastward far enough
to affect the seeded areas. Cumulus and strato-
cumulus clouds were prevalent over southwestern
Ohio and a few showers had occurred in the 6-hour
period preceding 1330 E. S. T.

Conditions of seeding.—Cumulus clouds were
seeded four times. On the first run, the aircraft

41

was flown through the cloud 600 to 700 feet below -

the top of the cloud without the dropping of any
nucleating material. The tops of the clouds were
19,200 feet mean sea level, 17,300 feet, 17,500 feet,
and 16,000 feet, respectively, with temperatures
near the tops ranging from —8.0° to-—4.0° C.
Bases of the clouds were variable,: between 2,700
feet and 4,100 feet, with temperatures ranging
from +17.0° to +21.0° C. Light to moderate

turbulence was encountered in all clouds that were

flown through. The freezing level was at 14,100
feet mean sea level. ,

Rate of seeding.—The aircraft was flown through
the first cloud without dropping any seeding
material. Dry ice was dropped on the other runs
at the rate of 4 pounds per mile. :

Time and duration of seeding:
1st seeding: 1418:15 K. S. T.; 10 seconds.
2d seeding: 1431:45 E. S. T.; 10 seconds.
3d seeding: 1449:10 E. S. T.; 20 seconds.
4th seeding: 1517:25 E. S. T.; 10 seconds.

Results—After the flight through the first cloud,
the top built about 1,000 feet and then dissipated.
Following the second seeding, the top changed

texture and the top portion of the cloud dissipated.
After the third seeding, the seeded portion of the
cloud showed dissipation. The north side dissi-
pated within 15 minutes. Within § minutes after
the fourth seeding a hole formed through the
cloud (fig. 28 (d)). ‘

Precipitation was observed below the first three
clouds, but they were already producing rain and
appearing as echoes on the radar scope prior to the
seeding runs. A rainbow was observed below the
third cloud. The fourth cloud did not form an
echo on the radar scope, and no rainfall was
observed below the base of the cloud.

Method of verification:
1. Structural:

a. 1st three seedings: Aerial observations
(visual).
b. 4th seeding: Aerial observations (visual)
and pictures of seeded cloud (fig. 28).
2. Precipitation:
All seedings: Aerial observations (visual)
and pictures of CPS—6 radar scope.

Comments—Three clouds in which dissipation
was observed were building at the time of seeding.
The second cloud was in the dissipation stage at
the time it was seeded.

A cloud echo was present on the radar scope
prior to the first three seeding runs. The echo
that was present at the time of the first seeding
continued to grow after seeding, with its final size
being about twice the size at the time of seeding.
Since the echo was growing and continued to grow -
after seeding, it is doubtful that the seeding had
any effect on it. Echoes from the second and
third clouds disappeared from the scope, however,
after the seeding with dry ice, the second about
16 minutes later, the third about 14 minutes later.
Another echo about 10 miles southwest of the
second cloud disappeared through natural causes
at the same time the echo from the seeded cloud
was disappearing. Other echoes from areas very
close to both the second and third seeded areas,
however, were forming, or those already present
were increasing in size at the time that the echoes
from the seeded clouds disappeared. No rainfall
was observed in the fourth seeded area, but natural
showers were occurring about 25 to 28 miles to the
southwest.

CLOUD SEEDING OF SEPTEMBER 8, 1948

Synoptic situation.—At 1330 E. 8. T., a weak low
pressure system was centered in central Illinois,
with the warm front oriented east-west across
northern Indiana and Ohio. Cirrus clouds with
lower towering cumuli were the predominant ones
over southwestern Ohio. The pressure gradient
was weak over the area of seeding operations.

Conditions of seeding.—Cumulus clouds were
seeded three times. The tops ranged from 16,800
feet mean sea level to 19,200 fect, with tempera-
tures in the vicinities of the tops of —2.0°, —3.0°,
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and —6.0° C., respectively, on the seeding runs.
A significant shear in the wind velocity was present
near 10,000 feet mean sea level, and a large number
of the cumulus tops were being sheared off at that
level. Observations revealed that the top portions
of the clouds, when extending into the area of
increased wind velocity, were carried ahead of the
main bodies of the clouds and eventually dis-
sipated. Some of the clouds, however, were able
to build above the wind shear level, but all of
them leaned conspicuously to the southeast. All
clouds that were seeded were of this type. The
freezing level was at approximately 14,000 feet
mean sea level.

Rate of seeding.—Dry ice pellets were dropped
at the rate of 5 pounds per mile on the first run.
Water was sprayed into the cloud on the second
run, and the airplane was flown through the cloud
without the dropping of any nucleating material
on the third run. '

Time and duration of seeding:

1st seeding: 1428:10 E. S. T.; 40 seconds.
2d seeding: 1443:44 E. 8. T.; 16 seconds.
3d seeding: 1504:43 E. S. T.; 22 seconds.

Results—TFollowing all three seeding runs, the
clouds tended to dissipate.
dissipated about 75 percent, and the third cloud
about 50 percent. The high photo plane also flew
through a cloud top and an appreciable amount of
dissipation was observed in it also.

No precipitation was observed to fall from any
of the seeded clouds.

Method of verification:
1. Structural:

a. 1stseeding: Aerial observations (visual).
b. 2d seeding: Aerial observations (visual)
and pictures of seeded cloud.
¢. 3d seeding: Aerial observations (visual)
plus observations by surface observer.
(Note: Pictures did not show com-
plete results that were observed visu-

ally.)

The first two clouds °

2.. Precipitation:

a. 1st and 2d seedings: Aerial observations
(visual) and pictures of CPS-6 radar
scope plus visual observations of radar
scope at time of mission.

b. 3d seeding: Aerial observations (visual)
and pictures of CPS—6 radar scope plus
visual observations of radar scope at
time of mission. Also, surface observa-
tions from Station No. 19 of surface
network.

Comments.—All clouds that were seeded were
observed to be building at the time of seeding, but
since there was a wind shear present near 10,000
feet mean sea level, with some clouds dissipating
above that level, the seeded clouds were probably
having a struggle in maintaining themselves. The
amount of dissipation observed regardless of the
agent used may have been due to the fact that it
required only a small amount of disturbance in
the cloud top to upset the cloud and change it from
a building cumulus to a dissipating one. The
third cloud had three towers, all flown through
by the aircraft. The surface observer at Station
No. 19 of the surface network reported that he saw
the plane fly through the cloud on the third run;
a short time later, the cloud was observed to dis-
sipate partially. The observer also reported that
neighboring clouds were dissipating.

Although no precipitation was reported in the
seeded areas, other very ligcht showers were form-
ing on the scope within 30 miles of the seeded areas.
One, about 20 miles northeast of the second seeded
area, started about 2 minutes prior to the second
run. By the time of the third seeding, several
showers were occurring within 6 miles of the
seeded cloud. The first two clouds did not pass
over a rain gage, but the third cloud passed over
the rain gage network and the surface observer
reported that no rain fell from it. Other showers
were occurring over the southern edge of the net-
work at the time of the third seeding, and the
n?tuljal showers produced as much as 0.10 inch
of rain.
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